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ABSTRACT 
Persoonia  elliptica  is  a  resprouting  understorey  tree  species  of  the  jarrah  (Eucalyptus 
marginata)  forests  of  South-Western  Australia.    All  known  populations  are  lacking  in 
seedlings and saplings, resulting in population structures made up solely of mature trees and 
exhibiting clear recruitment failure.  Little research has been done on this species other than a 
single study by Abbott and Van Heurck (1988) which described population structures and 
speculated that increased kangaroo herbivory might be the cause of recruitment failure.  This 
study addresses the issue of recruitment failure, in particular with regards to seed production, 
viability  and  dispersal,  and  herbivory.    This  work  describes  the  ecology  of  the  species 
including fruit production, seed viability and population structure.  The relationship between 
P. elliptica and the fauna of the region is examined with regard to seed dispersal vectors and 
dispersal distances, while the role macropods play in seedling and new growth herbivory and 
the link with recruitment failure is also examined. 
 
Two study sites were investigated over a period of eight months in the northern jarrah forest 
region,  at  Avon  Valley  National  Park  and  in  state  forest  near  Sawyers  Valley.    Species 
ecology  was  examined  using  fruit  counts,  tree  size  measurements  and  soil  seed  bank 
estimation, while seed dispersal and herbivory were examined using seed removal ‘cafeteria’ 
experiments and infrared motion sensing cameras to detect and record faunal activity.   
 
Fruit production is low in P. elliptica with only 9% of flowers becoming mature fruits.  Seed 
viability is high in new season seeds, but seeds collected from the soil seed bank (assumed 
aged one year or older) were not viable.  Five fauna species act as dispersal vectors of P. 
elliptica seed; Macropus fuliginosus, Macropus Irma, Strepera versicolour, Mus musculus 
and Oryctolagus cuniculus.  Of these the currawong (S. versicolour) has not previously been 
observed  interacting  with  P.  elliptica  seeds.    Macropods  exhibited  a  strong  browsing 
preference for P. elliptica when presented with fresh foliage, and are also therefore, likely to 
consume seedlings.  The wallaby, M. Irma, browsed foliage to a height of 0.5 metres while 
the  kangaroo,  M. fuliginosus,  browsed  foliage  up  to one  metre.    This  level  of  browsing 
pressure is a potential cause of recruitment failure. 
 
The  key  findings  of  the  study  highlight that recruitment  failure  within  populations  of  P. 
elliptica  is  likely to be caused  by a  number of  factors potentially relating to the species 
ecology and relationships with fauna, particularly herbivores.  This raises questions on the iv 
potential for this species to persist into the future within the jarrah forest and provides vital 
information concerning possible management approaches to encourage recruitment. 
 v 
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CHAPTER 1 
INTRODUCTION AND AIM OF THE THESIS 
 
1.1 INTRODUCTION 
The interactions between plants and animals are dynamic and central to the understanding of 
how ecosystems are structured, as well as their population dynamics, nutrient cycling and 
energy flow (Archer & Pyke, 1991).  In an evolutionary context the relationships which have 
developed  between  plants  and  animals  has  shaped  the  diversification  of  life  on  earth 
(Bascompte & Jordano, 2007).  For example the evolution of fruits developed in relation to 
their dispersal agents such that there was coevolution between fleshy fruits and vertebrates 
for seed dispersal (Raven et al., 2005).  Plant-animal interactions can be distinguished into 
three main categories; those which benefit the animal (this would include the predation of 
plants by herbivores), those which benefit the plant (such as the predation  of animals by 
carnivorous plants), and those which benefit both parties (such as the dispersal of seeds and 
pollen) (Pacini et al., 2008).  The intricate nature of these interactions means that if one party 
were to disappear the other would also be affected (Bascompte & Jordano, 2007). 
 
When  the  relationships  between  plants  and  animals  are  thrown  out  of  balance  there  are 
negative consequences that can arise at the community level.  One such possible consequence 
is recruitment failure within plant populations.  Recruitment failure refers to a situation where 
seeds  are  unable  to  germinate  or  seedlings  do  not  survive  to  maturity  (Munzbergoba  & 
Herben, 2005).  The key issue with recruitment failure is that without seedling recruitment 
into  the  population  the  ability  for  the  species  to  persist  in  that  location  is  considerably 
reduced.  Recruitment failure can arise through a number of causes potentially related to a 
break down in plant-animal interactions.  These include a lack of viable seeds from limited 
pollination, a lack of effective seed dispersal, the predation of seeds by granivores or the 
predation of seedlings through herbivory.  Recruitment failure within plant populations can 
be observed through examining the stem diameters within populations to determine size and 
age structure to see if there is adequate recruitment occurring (Preston et al., 2005). 
 
The ultimate aim of this thesis is to provide confirmation of recruitment failure in Persoonia 
elliptica  and  to  then  determine  if  a  lack  of  seed  production,  viability  and  dispersal,  or 
increased seedling herbivory, is related to this recruitment failure. 
 2 
1.2 ORGANISATION OF THE THESIS 
This thesis is structured into the three main parts.  Each part is interrelated and information 
provided will build on the developing understanding in subsequent chapters.  Chapter one 
provides  a  brief  introduction  on  the  key  objectives  of  the  thesis,  while  each  subsequent 
chapter contains specific introductory material relevant to the topic being considered.  Each 
chapter also details the specific research aims relevant to the topic. 
Following chapter 1 the thesis format is as follows: 
 
CHAPTER  2  –  LITERATURE  REVIEW.    This  chapter  introduces  the  main  topics 
undertaken during the study and reviews the relevant literature on these topics.  The first 
topic  reviewed  is  seed  dispersal  which  examines  the  need  for  dispersal,  long  distance 
dispersal, and dispersal vectors.  The second section discusses the issue of recruitment failure 
and the links between seed dispersal, herbivory and seed dormancy. 
 
CHAPTER  3  – POPULATION  ECOLOGY  OF  PERSOONIA ELLIPTICA.    This  chapter 
investigates the life history traits and biology of P. elliptica.  It examines the size structures 
of the populations considered, the amount of seed produced and the level of seed viability, all 
of which are compared between the two populations considered. 
 
CHAPTER 4 – SEED DISPERSAL OF PERSOONIA ELLIPTICA.  This chapter considers 
the amount of seed dispersal which is occurring within populations, determines fauna species 
which are potential seed dispersers, and examines the distances that seeds are dispersed by 
these fauna. 
 
CHAPTER  5  –  HERBIVORY  OF  PERSOONIA  ELLIPTICA.    This  chapter  considers 
herbivory of P. elliptica to test the hypothesis proposed by Abbott and Van Heurck (1988).  
In  particular  whether  macropods  preferentially  browse  new  growth  (and  potentially 
seedlings) of this species. Note that since there is recruitment failure, it was not possible to 
present seedlings to herbivores as part of the experimental design. 
 
CHAPTER 6 – CONCLUSIONS.  This chapter concludes the thesis with a summary of the 
findings and links the three topics to the issue of recruitment failure. 
 3 
CHAPTER 2 
LITERATURE REVIEW 
2.1 SEED DISPERSAL 
Dispersal can be defined as the movement of individuals from a source to a new location 
where they are able to establish and reproduce (Nathan et al., 2008 and Trakhtenbrot et al., 
2005).  The structure of a population can be defined by dispersal because it can determine the 
range  of  a  species,  patterns  of  genetic  diversity,  and  migration  and  colonisation  of  new 
habitat patches (Bowman et al., 2002 and Trakhtenbrot et al., 2005).  In plant populations, 
dispersal occurs through the movement of seeds away from the parent plant to a location 
where the seed is able to germinate and reach reproductive maturity.  As plants are sessile 
they have developed adaptations to assist in the movement of their seeds through the actions 
of specific dispersal vectors.  These include, anemochory where seeds are dispersed by wind, 
hydrochory where plants are dispersed in water, ballistochory where the plant actively expels 
seeds, exozoochory where  seeds  attach to the  body of animals, and endozoochory where 
fleshy fruits attract animals to consume and disperse their seeds (Higgins et al., 2003 and 
Cain  et  al.,  2000).    Additional  to these  methods,  dispersal  may  be  by  a  single  vector,  - 
haplochory, or by multiple vectors - polychory (Nathan et al., 2008).  Dispersal away from 
the parent plant is beneficial in several ways, firstly to avoid high competition that can occur 
beneath or close to the parent, secondly to increase the level of genetic diversity within the 
population, and lastly to expand the species range into new habitat patches (Trakhtenbrot et 
al., 2005).  Generally, the dispersal distance away from the parent plant is relatively short 
even with adaptations that facilitate dispersal and the benefit of dispersing further, but there 
are exceptions (Nathan et al., 2008).  This review has a focus on dispersal in large seeded 
species, and by animals.  It seeks to achieve an overview of dispersal, its benefits and outline 
the methods for studying dispersal. 
 
2.1.1  LONG-DISTANCE DISPERSAL 
Dispersal events which cover large distances are vital in determining large scale events such 
as species persistence in fragmented landscapes or changing climates (Nathan et al., 2008, 
Trakhtenbrot et al., 2005, McConkey et al., 2011 and Cain et al., 2000).  Long distance 
dispersal (LDD) can be defined as the assumed rare events of seeds being transported by a 
vector a greater distance than usually occurs (Nathan, 2006).  Generally the majority of seeds 
from a single plant will be dispersed only a short distance, yet a small number of seeds will 4 
be dispersed well beyond that distance.  When this occurs it is a LDD event (Nathan, 2006).  
Long distance dispersal can also be via a secondary dispersal vector.  This can occur when a 
seed, already dispersed by its primary method, exhibits a secondary significant movement or 
dispersal event (Vander Wall  et al., 2005).  For example, seeds which are  ingested by  a 
vector  and  excreted  some  distance  away  could  be  removed  from  the  scat  by  ants  and 
transported  a  further  distance,  the  movement  by  ants  is  an  event  of  secondary  dispersal.  
Secondary dispersal events are incredibly difficult to assess because it is often unknown, or 
hard to determine, if a secondary dispersal event has occurred (Vander Wall et al., 2005).  
Not considering the possibility of secondary dispersal and not being able to properly assess if 
secondary dispersal is occurring is a potential limitation of dispersal studies (Vander Wall et 
al., 2005). 
 
LDD generally occurs through the transportation of seeds by faunal vectors with a capacity 
for long-distance movement (e.g. a bird or large mammal), wind (for small or winged/plumed 
seeds) or water (in rivers, floods or ocean currents).  In animals, seeds may be carried by 
attachment to the fur/feathers/feet, or in the gut and excreted some distance from the source 
(Bakker et al., 1996).  The key attribute in LDD is how far the vector is able to move the seed 
(Bowman et al., 2002).  LDD events whilst rare, do occur.  The distance which defines if the 
dispersal event is a LDD event will be dependent on a number of factors and is generally 
question and species specific (Nathan et al., 2008).  From a fauna perspective, species acting 
as vectors which have a larger home range and body mass are more likely to transport seeds a 
greater distance (Jenkins et al., 2007 and Bowman et al., 2002).  This is because they are 
larger, active and more likely to cover a greater distance whilst retaining the seed.  From a 
plant perspective dispersal distance is likely to be greater for species which are larger/have a 
greater height, a general rule for defining a LDD event is that the dispersal distance should be 
more than 100 times the plant height, so, for example, to qualify as LDD seeds from trees 
must disperse over a greater distance than for shrubs (Nathan et al., 2003 and Thomson et al., 
2011).  It is important to understand how LDD events influence plant communities faced with 
global environmental change which includes (among other things) the impacts of climate 
change, habitat fragmentation and loss.  LDD events will be an important factor for plant 
species to persist and be able to colonise new areas. 
 
2.1.2  LARGE SEED DISPERSAL 5 
There  are  many  benefits  to  plants  of  having  large  seeds,  including  a  greater  ability  to 
withstand  lengthy  dormancy,  higher  level  of  seedling  survival  and  faster  growth  (Giles, 
1990).  The key benefit of large seeds is the greater maternal investment in the embryo so that 
when it is dispersed there is a greater chance of germination and survival (Mack, 1998).  
Larger seeded species are potentially limited by the methods available for the dispersal of 
their seeds due to their size.  As such, large seeded species are likely to rely on vectors to 
assist with dispersal (Wilson & Traveset, 2000).  A classic example of large seed dispersal is 
the coconut, which can be dispersed for thousands of kilometres through the aid of ocean 
currents and remain viable for an extended period of time, this is believed to be a key reason 
for its colonisation in coastal and island habitats across the tropical parts of the globe (Ward 
& Brookfield, 1992).   
 
Fauna are also common vectors for large-seeded species.  This can pose problems because 
the species able to act as vectors will be a subset of those which are large enough to consume 
or carry the seeds without causing them damage.  The continued persistence of large seeded 
species  in  plant  communities  is  influenced  by  the  presence  or  absence  of  these  large 
dispersers (Westcott et al., 2005).  A key dispersal vector for large seeded species in tropical 
Australia is the cassowary (Casuarius casuarius).  Cassowaries, because of their size, are 
able to consume a range of different sized fruits and seeds and have the ability to retain these 
seeds in their gut for around five hours.  During this period large distances can be traversed 
making  the  cassowary  an  effective  long-distance  disperser  (Westcott  et  al.,  2005).    The 
cassowary  is  a  vital  link  in  maintaining  ecosystem  structure  and  dispersal  of  rainforest 
species.  In other regions of Australia where the cassowary is not present the emu (Dromaius 
novaehollandiae) plays a significant role in the dispersal of seeds, including a number of 
large seeded species.  The emu is able to swallow large seeds whole which makes it a key 
dispersal vector for large seeded species to the extent that emu population declines could 
severely impact on large seeded plant populations if no other form of dispersal is available 
(Calvino-Cancelaet  al.,  2006).    In  coastal  New  South  Wales,  they  are  a  key  player  in 
maintaining biodiversity because of the variety of seeds present in their scats and their ability 
to traverse greater distances whilst retaining seeds (McGrath & Bass, 1999).  These traits, of 
gut retention,  movement and the ability to swallow  large  seeds, are a key  component  in 
understanding  how  plant  species  are  able  to  extend  their  ranges.    This  will  become 
particularly important when plants are required to shift to more suitable regions when faced 6 
with global climate change, the traits of emus are likely to aid in assisting dispersal to new 
regions to allow for range shifts. 
 
2.1.3  MEASURING DISPERSAL 
There are many methods available for quantifying LDD (Nathan et al., 2003).  A method 
which  is  becoming  increasingly  popular  is  the  use  of  radio-telemetry  to  track  animal 
movements to determine how far seeds are being dispersed (Nathan et al., 2003).  Radio-
telemetry techniques work by sending a signal from the device, most simply as a location, or 
also including information on temperature, heart rate, acceleration and sound (Cooke et al., 
2004).  This additional information can provide an idea on periods of activity of the animal 
vector.  This method of studying movement is useful when direct observations of the target 
species or activity is difficult (Mack & Druliner, 2003). 
 
In dispersal studies it is often difficult to directly observe the species consuming the fruits 
and  the  distances  seeds  are  dispersed.    There  are  several  techniques  for  measuring  seed 
dispersal by a faunal vector.  The first involves tagging an animal with a tracking device 
which is able to send information on animal movements and locations, if gut retention times 
are known, dispersal distances can be estimated by determining the location where fruits were 
consumed and where the animal has moved to during the period of gut retention.  This type of 
study has been used to determine the foraging patterns and times of activity in Cassowaries 
(Westcott et al., 2005).  The second technique for measuring seed dispersal distances is to 
bait a transmitter in the target species and upon removal, track the transmitter using a receiver 
and antenna. Upon locating the transmitter, the distance between its original location and its 
found location can determine a dispersal distance.  This type of method has been used to 
determine  how  far  Cassowaries  are  able  to  disperse  large-seeded  species  in  tropical 
Queensland (Mack &  Druliner, 2003).  A  mean distance of 388  metres of dispersal was 
determined by three recovered transmitters from an original deployed 26.  Not all transmitters 
were taken and of the total ten only three were recovered (Mack & Druliner, 2003).  The 
seven unrecovered transmitters were thought to have been taken by Cassowaries and lost due 
to the technical difficulties of locating the transmitters (Mack & Druliner, 2003).  Whilst this 
method is simple and effective in delivering results on dispersal distances it does exhibit 
several  issues,  these  being  the  loss  of  transmitters  which  are  unable  to  be  located,  and 
potential difficulties finding transmitters if they are dispersed a distance outside the range of 
the receiver.   7 
 
2.2  FRUGIVORY 
Species interactions over millions of years were fundamental in the co-evolution of plants 
and animals (Abrahamson, 1989).  One such adaptation is the development of fruits for the 
purpose of dispersing seeds through the use of a faunal vector (Corlett, 2011).  Plants which 
use animals as vectors have developed a range of adaptations for their fruits to attract animals 
to consume and therefore disperse the seeds, including colour, odour, ripening time, size and 
shape (Stiles, 1989).  A frugivore is an animal which consumes fruits as a source of food 
(Howe,  1986).    Fleshy  fruits  for  dispersal  by  frugivorous  mammals  and  birds  are  more 
prevalent in tropical regions comprising up to 70% of rainforest species, while in Australia’s, 
drier, sclerophyll woodlands and forests, fleshy fruits make up around 30% of the species 
present  (Willson  et  al.,  1989).    The  key  groups  of  vertebrate  frugivores  are  mammals, 
including bats, rodents and some marsupials, and a large range of birds (Stiles, 1989).  Fruits 
adapted for dispersal by particular vertebrates are coloured to attract key dispersal species.  
Fruits dispersed by birds are often red, black or blue, while fruits dispersed by mammals are 
often green, brown or orange, however, this is not always the case (Willson et al., 1989).   
Frugivores are vital for the dispersal of seeds  in most ecosystems to maintain community 
structure and species persistence (Bowman et al., 2002 and Trakhtenbrot et al., 2005).  Large 
frugivores which are capable of moving long distances are vital for seed dispersal, yet these 
species are often the  most heavily  impacted by habitat  loss,  fragmentation and  declining 
population sizes which can reduce the ability of plants to disperse their seeds (McConkey et 
al., 2011).  In tropical Australia where a loss of key frugivores, including bats and birds, has 
occurred there has been a decline in the recruitment of some plant species which has been 
linked to a lack of seed dispersal (Moran et al., 2009).  The same is likely to be true in other 
regions of Australia where frugivore populations have decreased impacting on the structure 
and composition of an ecosystem.   
 
2.2.1  DETERMINING DISPERSAL VECTORS 
Plant populations which are not being dispersed are able to persist in the community in an 
apparent ‘healthy’ state for years, decades, or maybe even centuries – depending on their 
longevities and typical dynamics (McConkey et al., 2011).  For this reason it is important to 
understand what fauna species are acting as dispersal vectors and what factors are affecting 
dispersal and recruitment.  One way to determine what fauna species may be key dispersal 
vectors is to use motion sensor cameras which are trained on the target plant, or seed caches, 8 
and can detect diurnal and nocturnal activity using infrared sensors.  Camera traps are an 
efficient and non-invasive method for studying vertebrates (Seufert et al., 2009).  They are 
able to effectively identify an animal, record a time and length of visitation, detect cryptic 
and nocturnal species, reduce the disturbance to the animal and do not require continuous 
monitoring of the equipment (Lyra-Jorge et al., 2008 and Seufert et al., 2009).  Some of the 
problems which arise from the use of camera traps include; issues with detectability including 
animal movements not triggering the camera, a delay in sensing movement and recording 
which may not capture the animal, animals becoming camera shy by learning where cameras 
are placed and avoiding these  locations, and possible difficulties  in determining what an 
independent visit is (Lyrna-Jorge et al., 2008).  Dispersal studies in Africa and America both 
considering the identification of dispersal vectors for their target plant species used cameras 
to monitor visitation and activity at the base of the plant (Seufert et al., 2009 and Roth & 
Wall, 2005).  In both regions cameras were effective in capturing the activity of medium to 
small  sized  mammals  (primates,  rodents,  antelopes,  bush  pigs),  including  whether  or  not 
seeds were being consumed (Seufert et al., 2009 and Roth & Wall, 2005).  This method 
allows inferences about possible dispersal vectors to be made and is a key advantage for 
using camera traps for dispersal studies.   
 
2.3     SEED DORMANCY AND RECRUITMENT FAILURE 
Dormancy refers to the state in which seed germination is withheld until conditions become 
favourable  for  survival,  and  can  range  from  months  to  years  (Merritt  &  Rokich,  2006).  
Within  the  Australian  flora,  dormancy  is  a  common  feature  (Merritt  &  Rockich,  2006).   
Dormancy is broken by the response of the seed to an environmental stimulus.  This can 
include  one  or  more  of;  temperature,  light,  heat  smoke,  scarification,  water  and  nutrient 
availability  (Lamont  &  Groom,  1998).    The  cues  required  to  break  dormancy  will  be 
ecosystem specific and based on the disturbance regime the ecosystem is adapted to.  For 
example arid zone species may respond more readily to moisture while rainforest species 
more likely respond to light (Merritt & Rockich, 2006).  Seeds with woody fruits which 
exhibit a form of dormancy are often hard to germinate under laboratory conditions (Norman 
& Koch, 2008) and potentially under natural conditions if the correct cues to break dormancy 
do not occur.  The exact cues required to break dormancy for some Australian species are 
unknown but for many of the woody fruited hard-seeded species such as Persoonia, Banksia, 
Leucopogon  (Ericaceae),  Grevillea,  Hakea  and  many  more,  germination  occurs  after  fire 
either by a smoke or heat related cue (Norman & Koch, 2008 and Merritt & Rockich, 2006).  9 
Other cues which are able to break dormancy include a response to light, water, breaking of 
the endocarp or a (sometimes complex) combination of cues (Merritt & Rockich, 2006). 
 
Recruitment failure or limitation refers to a situation where seedling germination and survival 
has been decreased (Munzbergoba & Herben, 2005). Recruitment failure or limitation can 
occur through a number of causes, including the production of seeds which are not viable, a 
lack of seed dispersal, or  loss of seeds and/or seedlings to granivores and  herbivores, or 
because  environmental  conditions  (e.g.  light)  are  not  sufficient  for  seedling  survival.  
Recruitment failure due to a lack of viable seeds can be tested by examining if seeds collected 
from the target species are viable.  This can be carried out through a cut test where seeds are 
cut and the embryo is examined (Sweedman, 2006).  An embryo which is viable is usually 
white or yellow in colour, plump and turgid while an embryo which is not viable is brown in 
colour, dry, shrivelled or empty (Sweedman, 2006 and Norman & Koch, 2008).  Another 
effective method of viability testing is staining the embryo with 2,2,3 tri tetrazolium chloride 
to  determine  if  any  biochemical  activity  (seed  respiration)  is  occurring,  a  positive  test 
indicating a live seed will stain pink to red (Sweedman, 2006).  Recruitment failure due to a 
lack of dispersal occurs when seeds are limited by the number of possible dispersal vectors 
and are not being dispersed as readily due to a decrease in these vectors (Wotton & Kelly, 
2011 and Bradford & Westcott, 2010).   
 
Recruitment failure can also occur through the loss of seedlings and young plants.  Mammals 
play a key role in the dispersal of seeds but fauna species which are also herbivores can have 
a negative  impact on plants through the consumption of  vegetative  material.  Herbivores 
consume vegetative material as a source of food.  Young plants in particular have higher 
levels of nitrogen and water, and less lignin, making them ideal food sources (Koch et al, 
2004).  Plants are at their highest level of vulnerability to excessive herbivory during the 
seedling stage when palatability is high (Parsons et al., 2007).  Herbivores can reduce the 
growth  rate  of  a  plant  by  the  direct  consumption  of  leaves  which  can  also  impact  on 
population  structure  through  the  death  of  seedlings  (Koch  et  al.,  2004,  Crawley,  1983, 
Rafferty & Lamont, 2007, Abbott & van Heurck, 1988 and Parsons et al., 2007).  This can 
impact on the recruitment of the species even if dispersal has been effective.  In Australia, the 
key  herbivores  which  have  been  known  to  impact  on  seedling  survival  are  macropods.  
Kangaroos actively graze new growth on grass trees (Xanthorrhoaea spp.) to the extent that 
the survival within Alcoa rehabilitation sites is greater when they are excluded (Koch et al., 10 
2004).  Kangaroo browsing is also suspected to be a reason behind the limited recruitment of 
P. elliptica (Abbott & van Heurck, 1988).  Macropods can also impact on seedling survival 
for a range of common south west Australian species after fire which can affect the future 
vegetation  composition  (Parsons  et  al.,  2007  and  Rafferty  &  Lamont,  2007).    The  key 
consequences of limited dispersal and recruitment failure include spatial changes, reduced 
fitness and an altered age structure within the population (Nathan & Muller-Landau, 2000). 
 
2.4    CONCLUSION 
This review has discussed the topic of seed dispersal in large-seeded plant species.  This has 
included an overview of dispersal including long-distance dispersal, large-seed dispersal, the 
role  of  vectors  -  especially  fauna,  methods  for  determining  dispersal  and  the  vectors 
responsible, and issues which can limit the dispersal and recruitment of plant species.  An 
understanding of these topics will aid in the examination and explanation of low levels of 
recruitment  in  the  large-seeded  jarrah  forest  species,  P.  elliptica,  where  recruitment  is 
potentially linked to a lack of dispersal vectors or to excessive seed and/or seedling loss to 
granivores/herbivores. 11 
CHAPTER 3 
POPULATION ECOLOGY OF PERSOONIA ELLIPTICA 
3.1 INTRODUCTION 
Plant demography is the study of the structure of plant populations (Raghu et al., 2006).  This 
can  include  analysis  of  the  spatial,  genetic  and  size  structures  of  populations  to  gain  an 
understanding of their diversity and dynamics (Raghu et al., 2006).  By examining plant 
demography, potential concerns about plant population health, such as recruitment failure, 
can be identified and provide information for population management strategies.  
 
Recruitment failure refers to a situation where seeds fail to germinate or seedlings fail to 
reach reproductive maturity within an extant (mature) population (Rey & Alcantara, 2000).  
Recruitment failure can be caused by the seed not being viable, the dispersal site not being 
suitable for germination, a lack of dispersal vectors or post-dispersal predation by granivores 
or  herbivores,  or  changed  habitat  conditions  (Rey  &  Alcantara,  2000,  Nathan  &  Muller-
Landau, 2000, Hulme, 1998 and Wotton & Kelly, 2011).  Each of these activities can cause 
recruitment  failure  and  can  have  population  level  consequences  regarding  long  term 
persistence.   
 
The jarrah forests of south-western Australia have been subject to a history of intensive use 
including logging and clearing which has resulted in areas of forest which are degraded or 
with levels of fragmentation which no longer support all pre-impact species (Williams & 
Mitchell, 2001).  This history may also have affected dispersal vectors by reducing numbers, 
causing population effects which could lead to recruitment failure.  Recruitment of many 
species, especially in Australia, can originate from soil stored seed.  The storage of seeds 
within the soil is an effective method to ensure the best chance of survival when favourable 
germination conditions arrive, especially within ecosystems prone to fire (Auld & Denham, 
2006).  Geosporous species which release seeds to the soil seed bank each year have dormant 
seeds from several seasons stored within the soil (Merritt & Rokich, 2006).  The benefit of 
this is that once dormancy is broken the environmental conditions for seedling establishment 
and survival are increased (Merritt & Rokich, 2006).  A lack of a soil seed bank or suitable 
cues to release seed dormancy could limit the ability of a population to maintain effective 
turnover thus potentially contributing to a recruitment failure scenario.  
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At a population level the issue of recruitment failure becomes apparent when observing size 
structures, as young individuals and saplings are missing or only present in small numbers.  
In  the  only  previous  study  on  P.  elliptica,  Abbott  and  Van  Heurck  (1988)  suggest  that 
recruitment failure may be linked to a lack of germination cues or damage to seedlings and 
saplings by herbivores (Abbott & Van Heurck, 1988).  They also suggest that recruitment 
ceased between 1980 and 1904 (Abbott & Van Heurck, 1988). 
 
This chapter considers the demography of P. elliptica with special emphasis on the issue of 
recruitment failure within populations. 
 
The aims of this chapter are to: 
 
  Examine  two  geographically  separate  P.  elliptica  populations  for  evidence  of 
recruitment failure based on their size structure 
  Determine if seeds are able to germinate in a natural environment  
  Determine a flower to fruit conversion  ratio and seed production per tree for plants  at 
both sites as a measure of population fitness 
  Determine the viability of new season and one year old, or older, seeds from the soil 
seed bank  
  Establish if there are differences between seed characteristics and viability between 
sites with greater activity from the assumed sole extant large-seeded disperser – the 
emu 
 13 
3.2  MATERIALS AND METHODS 
3.2.1  STUDY LOCATIONS 
THE JARRAH FOREST 
The jarrah forest of south Western Australia is a dry sclerophyll forest which extends from 
the Shire of Chittering in the north to the Shire of Albany in the south (Molloy, 2007).  The 
forest across this region occurs on the duricrusted plateau of the Yilgarn Craton (Williams & 
Mitchell, 2001).  The Darling escarpment marks the beginning of the jarrah forest, separating 
the Swan Coastal Plain from the plateau of the Yilgarn Craton (McCraw et al., 2011).  The 
topography of the area is undulating hills and crests ranging up to 300 metres above sea level 
with deep valleys extending to 100 metres below (McCaw et al., 2011 and Churchwood & 
Dimmock,  1989).    Granite  and  rocky  outcrops  are  also  prevalent  (Williams  &  Mitchell, 
2001).  The soils of the jarrah forest are ‘old, weathered and infertile, and include sandy 
gravels,  laterite,  loams,  clay  and  duplex  characterisations’  (McCaw  et  al.,  2011  and 
Churchwood & Dimmock, 1989).  Eucalyptus marginata is the dominant species of the forest 
and is often accompanied by Corymbia calophylla, (marri).  Other eucalyptus species are also 
present  in  smaller  numbers  including  E.  wandoo,  E.  patens,  E.  rudi  sand  E.  megacarpa 
(McCaw et al., 2011).  The understorey and ground cover across the jarrah forest is diverse 
and influenced by slight changes between sites in soil moisture, topography and soil fertility. 
Common species include Macrozamia riedlei, Leucopogon nutans, Banksia spp., Hakea spp. 
and Xanthorrhoea spp. (Molloy, 2007 and McCaw et al., 2011). 
 
The large expanse of jarrah forest across the south west of Australia has been divided into 
two bioregions.  The southern jarrah forest and the northern jarrah forest bioregions.  Both of 
the present study sites are situated within the northern jarrah forest bioregion.  The northern 
jarrah forest incorporates the north easterly region of the Darling Scarp and is classified by 
the dominant eucalyptus species, jarrah (E. marginata), with marri (C. Calophylla), and a 
transition into Wandoo (E. wandoo), towards the north east (Williams & Mitchell, 2001).  
The northern forest has areas of granite outcrop with low lying heath vegetation, patches of 
wandoo in areas of clay and gravel based soil, with Banksia species more prevalent on sand 
sheets (Williams & Mitchell, 2001).   
 
3.2.2  STUDY SPECIES 
Persoonia elliptica is a widely distributed yet low-abundance, scattered understorey tree of 
jarrah forests of the Perth Hills region (Abbott & Van Heurck, 1988) which grows up to  14 
eight metres tall (Florabase, 1995).  Flowering occurs in December with bright green fruits 
(seeds) produced annually, attaining full size in May and retained within the canopy for up to 
three months before falling to the ground (Abbott & Van Heurck, 1988).  Foliage is bright 
green in colour and obovate in shape, bark is dark brown to black.  All known populations are 
lacking in seedlings and saplings (plants with DBH < 10cm) and recruitment is believed to 
have mostly ceased since around 1900 (Abbott & Van Heurck, 1988).  The reasons behind 
recruitment failure are unknown although it has been speculated that either a lack of dispersal 
vectors or  increased  herbivory  by  kangaroos  may  be  implicated  (Abbott  &  Van  Heurck, 
1988).   
 
 
  Fig 3.1 Persoonia elliptica 
 
3.2.3  SITE DESCRIPTIONS 
Two sites within the northern jarrah forest were used to examine populations of P. elliptica 
and their relationships with local dispersers, in  particular emus.  These sites were located 
within Avon Valley National Park which has a large population of emus, and state forest near 
the township of Sawyers Valley, which has a much smaller population of emus.  This was 
determined by continuous emu scat counts at both sites where more scats have been observed 
at Avon Valley, see figure 3.3 (N. Enright pers. comm.). 
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Fig 3.2 Mean number of emu scats found at Avon Valley and Sawyers Valley within 
the northern jarrah forest 
 
The Avon Valley National Park is a 4800 hectare reserve located 60 kilometres north east of 
Perth (DEC, 2010).  The  Avon River, which  flows strongly  following winter rains, runs 
through the park (DEC, 2010).  The park is located within the transitional zone between the 
wetter jarrah forest of the Darling scarp and the drier woodlands of the east towards the 
wheatbelt (Nevill, 2006).  As such the vegetation consists of a mixture of E. marginata and 
C. calophylla, becoming more open and dominated more by wandoo with distance eastwards 
from the scarp (Nevill, 2006).  The park has not experienced a fire in over 15 years and there 
have  been  no  prescribed  burns  carried  out  by  the  DEC  during  this  time  (DEC,  2011).  
Common understorey species include Banksia sessilis, B. grandis, B. menziesii, B. attenuata, 
P. elliptica, X. preissii, M. reidlii and L. nutans.   A 3 x 3 kilometre plot within the national 
park makes up the Avon Valley study site.   
 
The township of Sawyers Valley is located 40 kilometres east of Perth.  A 3 x 3 kilometre 
plot within forest between the townships of Sawyers and Mundaring Weir makes up the study 
site.    The  forest  consists  predominantly  of  E.  marginata  and  C.  calophylla  with  a  light 
understorey of P. elliptica, X. preissii, M. reidlei, and L. nutans, while an array of grasses and 
small shrubs make up the ground cover.  This forest has a history of intensive logging, and 
fuel load is controlled by management burns, the last of which occurred in some areas of the 
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forest in the winter and spring of 2011, other parts of the area were last burnt between four 
and six years ago (DEC, 2011).   
 
Avon Valley National Park occurs at the northern most reach of the jarrah forest and as such 
has a significantly lower mean annual rainfall compared to Sawyers Valley which is located 
along the western edge of the forest closer to the Darling escarpment.  The difference of 280 
millimetres of average rainfall between these two sites is large and likely impacts on the 
vegetation  composition  and  tolerance  to  changing  environmental  conditions  (Figure  3.4; 
Hermanutz et al., 1998). 
 
 
Fig 3.3 Map of the outer Perth region showing the location of the two study sites at 
Avon Valley National Park and Sawyers Valley  
 
The climate of the region is classified as warm Mediterranean with cool moist winters and 
warm summers (McCaw et al., 2011 and Dell & Havel, 1989).  During the summer months 
day  time  temperatures  range  through  the  high  thirties  with  warm  nights,  while  winters 
Western 
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average a day time temperature of 15°C with occasional frosty nights (McCaw et al., 2011).  
Rainfall is seasonal with more rainfall received in the winter months (Gentilli, 1989).  Figure 
3.4 highlights the differences in average rainfall between the study sites, with Sawyers Valley 
receiving more annual rainfall. 
 
 
Fig 3.4 A comparison of yearly averages of rainfall at two sites located within the 
northern jarrah forest bioregion of Western Australia (BOM, 2012). 
 
3.2.4  POPULATION CHARACTERISTICS 
Population Structure 
To examine the population structure at each site, three sub-plots of 400 by 400 metres were 
set up at Sawyers Valley and trees were randomly selected and sampled at Avon Valley 
National Park.  Both sites were searched from late 2011 to early 2012.  Within the plots any 
P. elliptica trees found were tagged using a metal tag and flagging tape and the tree was 
measured.  The diameter of the stem at breast height (DBH), the width of the plant crown, 
and the height of the tree were recorded.  A total of 200 trees were measured at Sawyers 
Valley  while  at  Avon  Valley  over  300  had  been  previously  located  but  only  100  were 
measured. 
0
200
400
600
800
1000
1200
Avon Valley Sawyers Valley
R
a
i
n
f
a
l
l
 
(
m
m
)
 
Site 18 
 
Population Recruitment 
To  extend  on  the  previous  research  by  Abbott  and  Van  Heurck  (1988),  the  natural 
germination and germination cues responsible for recruitment were determined.  A sample of 
30  trees  at  Sawyers  Valley  were  sampled  and  observed  for  any  subsequent  seedling 
recruitment.  Five trees within each treatment were left unfenced and were used as controls. 
The remaining five trees were fenced to exclude mammal herbivores and had one of three 
treatments imposed: 1) a winter 2011 burn; 2) a spring 2011 burn and; 3) no burn.  In each 
replicate a trees were fenced in a 5 x 5 m exclosure using four star pickets and chicken wire.  
These treatment exclosure plots were searched in the winter of 2012 for seedling recruits.   
 
Seed Production 
Seed production was measured at both sites to compare any differences in the numbers of 
seeds per plant being produced, the relationship between plant size and seed production, and 
the rate of flower to fruit conversion.  This was to examine the fitness of each population 
based on how much seed is produced and determine if this is related to recruitment failure.  
Ten trees were randomly selected at each site in 2011.  On each tree 20 shoots were selected, 
five shoots on each of the north, south, east and west sides of the tree.  These shoots were 
tagged and numbered and the number of flowers, buds, pedicels and immature fruits were 
recorded early in 2012 (using an approach adapted from Bauer et al., 2001).  In April of 2012 
after the flowering period of P. elliptica these trees were re-measured for the number of fruits 
on  the  tagged  branches.    The  proportion  of  mature  fruit  developed  for  each  site  was 
determined by dividing the number of immature or mature fruit by the original number of 
flowers, buds and pedicels.  A student’s t-test was used to determine if there was a significant 
difference in the proportion of fruit developed between the two study sites.   
 
3.2.5  SEED VIABILITY AND SOIL SEED BANK 
Soil Seed Bank 
Viable  soil  seed  banks  provide  a  recruitment  resource  and  a  lack  of  one  might  explain 
observed  recruitment  failure  in  populations.    An  analysis  of  the  soil  beneath  mature  P. 
elliptica was carried out to determine the presence of a seed bank; quantify the number of P. 
elliptica seeds in the seed bank and the viability of these seeds.  Samples were collected at 
both Avon Valley and Sawyers Valley from February through to April of 2012 prior to the 
dispersal of the 2012 seed crop, so that all seeds were derived from 2011 or earlier seed fall 19 
events.  This was to determine the number of seeds already stored within the soil seed bank 
prior to the addition of new season seeds.  Ten trees were randomly selected from each site 
and the  seed  bank  beneath the  canopy was quantified as  follows:  Replicate 0.5 x 0.5  m 
quadrats were established on the north and south sides of each tree at 0.5, 1.5 and 3 metres 
from the stem base, making a total of six quadrats for each tree.  The leaf litter was removed 
with a trowel and the soil was searched for seeds to a depth of 2cm.  Quadrats were searched 
for ten minutes to ensure all seeds were accounted for. 
 
Seeds were taken back to the laboratory and measured.  A subsample of 75 seeds for each 
study site were measured and tested for viability.  Seeds were weighed using a set of digital 
scales and the length and width measured using a digital calliper. Seeds from the seed bank 
were tested for viability with a random sample of 50 seeds from each site chosen, this totalled 
100 seeds tested to determine the viability of seeds aged one year or older. A cut test was 
performed on each of these seeds to expose the embryo.  Seeds which contained a white to 
cream coloured embryo were classed as potentially viable while those which were empty, dry 
and brown were classed as non-viable (Merritt, 2006). 
 
New Season Seeds  
Fresh  seeds  were  collected  from  plants  at  both  study  sites  to  determine  any  differences 
between seed characteristics from each site and to test for differences in viability between 
fresh seeds and seeds stored within the soil seed bank.  One hundred seeds were collected 
from five trees at Avon Valley and Sawyers Valley, respectively.  A random sample of 50 
seeds from each site were measured for length, width and weight using a digital calliper and 
scales.  Seeds were also tested for viability.  One hundred seeds were selected from each site 
to undergo an x-ray using the Faxitron DX-50 at Kings Park and Botanic Garden.  Fifteen 
seeds were placed lengthways on a tray and into the machine.  The x-ray was then able to be 
viewed on a computer screen and by adjusting the brightness and depth, the seed and embryo 
could  be  determined.    Seeds  which  had  a  clear  full  embryo  were  classified  as  being 
potentially viable.  Seeds which had a partially filled seed case or an empty seed case were 
classified  as  not  viable.    A  selection  of  ten  seeds  from  each  site  that  were  classified  as 
potentially viable were then cut tested to determine actual viability, to check the validity of 
the x-ray method. 
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Fig 3.5 X-Ray output showing viable (embryo present) and non viable (no or partial 
embryo present) seeds 
 
3.3  RESULTS 
3.3.1  POPULATION CHARACTERISTICS 
The DBH measurements taken of P. elliptica indicate that there is a clear lack of individuals 
with a DBH of less than ten centimetres at both sites, highlighting that there are few, if any, 
seedlings  and  saplings  within  these  populations  (Fig  3.6).    Based  on  the  frequency 
distribution  of  DBH  measurements,  both  populations  consist  mainly  of  larger,  older 
individuals.  At Sawyers Valley the most frequently occurring size class is between 15 - 20 
cm DBH whilst at Avon Valley it is between 20 - 25 cm DBH.  The bulk of individuals at 
Avon Valley are of a larger size which suggests that recruitment may have ceased within this 
population before the Sawyers Valley population. 
 
 
 
 
 Empty 
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Fig 3.6 Size structure of two P. elliptica populations within the northern Jarrah forest 
based on DBH measurements. 
 
Population recruitment 
Within the herbivore exclosures at Sawyers Valley a total of 24 seedlings were observed.  
Seedlings only occurred within treatments which had been burnt in the winter of 2011, and so 
represented recruitment most likely during the winter of 2012 (Fig 3.7).  Fenced exclosures 
within the burn area of spring 2011 or the no burn area did not have evidence of seedlings.  
Not all exclosures within the winter burnt treatment area had seedlings present, however, no 
seedlings were observed under trees which were not fenced in any of the replicates.   
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Fig  3.7  Number  of  seedlings  present  within  fenced  and  unfenced  treatments  at 
Sawyers Valley 
 
Seed production 
Seed production at both sites was low.  Seed production appears lower at Avon Valley with 
3% of flowers developing into drupes compared to Sawyers Valley where there was a 9% 
conversion to drupes (Fig 3.8). There was a significant difference between the proportion of 
mature drupes developing at each site (df = 245, t = 4.82, P = <0.001).   
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Fig 3.8 The proportion of mature and immature fruit produced per tree  in two P. 
elliptica populations in the northern jarrah forest 
 
Seed production at Avon Valley had a slight negative relationship with plant size (Fig 3.9).  
Trees with a larger DBH produce less fruit than those with a small DBH.  This suggests that 
seed production decreases with age.  However, at Sawyers Valley the opposite is true, with 
larger trees producing more seed.   Based on the low seed production at Avon Valley it is 
possible that there is some level of pollinator limitation within this population.  But more 
research would be required to establish this. 
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Fig 3.9 The relationship between seed production per branch and tree size in two 
populations of P. elliptica in the northern jarrah forest 
 
3.3.2  SEED VIABILITY AND SOIL SEED BANK 
Seeds  collected  from  the  soil  seed  bank  and  from  trees  differed  between  sites  in 
characteristics  and  viability.  Seeds  at  Avon  Valley  were  slightly  larger  than  those  from 
Sawyers Valley in both length and weight, both for soil seed banks and new season seed 
(Table 3.1).  These differences between fresh seeds and seeds from the soil seed bank were 
statistically significant (df = 145, t = 3.92 P = 0.0001 for weight and df = 146, t = 3.52, P = 
0.0006 for length).  The viability of seeds from the seed bank at both sites were determined 
from cut tests and none were found to be viable at either Avon Valley or Sawyers Valley. 
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Table 3.1 Measurements of seeds from the soil seed bank and new season seeds from 
two P. elliptica populations within the northern jarrah forest. Average weight and 
length of seeds with standard error in parentheses. 
  Soil Seed Bank Seeds  Fresh Seeds 
  Weight (g)  Length (cm)  Weight (g)  Length (cm) 
Avon Valley  0.13 (±0.007)  10.68 (±0.11)  0.55 (±0.01)  13.34 (±0.11) 
Sawyers Valley  0.097 (±0.006)  10.08 (±0.13)  0.49 (±0.01)  13.80 (±0.11) 
 
Seeds were found in large quantities within the soil seed bank at both the Avon Valley and 
Sawyers Valley sites with no difference between the numbers of seeds found in the soil seed 
bank between sites (Figure 3.10).  At both sites fewer seeds were found further away from the 
base of the stem, however, there was a difference in the number of seeds found at 0.5m and 
1.5m between Avon Valley and Sawyers Valley. This could be related to varying canopy size 
or differences in past fruit production per tree.  This indicates that the fate of seeds is to 
remain in the canopy until they fall and then become part of the seed bank directly under the 
canopy of the parent plant.   
 
 
Figure 3.10 Number of seeds within the soil seed bank directly beneath P. elliptica 
individuals within two populations in the northern Jarrah forest 
 
The measurements of fresh seeds from both Avon Valley and Sawyers Valley showed two 
key differences.   Fresh  seeds  from  Avon Valley were significantly  heavier than those at 
Sawyers Valley, 0.55 grams compared to 0.49 grams respectively (df = 93, t = 3.55, P = 
0.0006).  Fresh seeds from Avon Valley were also significantly smaller in size, based on 
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length, than those at Sawyers Valley, 13.34 mm compared to 13.8 mm (Table 3.1; df = 98, t = 
3.01, P = 0.0033).  This difference was visually noticeable during field work.   
 
Viability  tests  on  new  season  seeds  found  that  Avon  Valley  had  more  seeds  with  a  full 
developed embryo indicating possible viability when compared to those from Sawyers Valley 
(Figure 3.11).  An equal number of seeds from each site appeared empty and therefore not 
viable while more seeds at Sawyers Valley were partially developed and also considered as 
not viable.  Cut tests on seeds deemed potentially viable from the x-ray found that nine out of 
ten seeds with full development showed a viable embryo.  
 
 
Figure 3.11 Viability of new season, fresh, P. elliptica seeds from two populations 
within the northern jarrah forest, as measured by x-ray 
 
3.4  DISCUSSION 
3.4.1  POPULATION CHARACTERISTICS 
The issue of recruitment failure within P. elliptica populations in the northern jarrah forest 
was  first raised  by  Abbott and Van Heurck (1988).  In their study they  noted a  lack of 
individuals in the DBH range between 0-6 cm and limited individuals within the DBH class 
range  7-10  cm  (Abbott  &  Van  Heurck,  1988).    In  this  study  there  were  no  individuals 
observed at the Avon Valley site which fell within the 0-5 cm DBH range and only a small 
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number which fell within the 6-10 cm DBH range.  At Sawyers Valley, there were slightly 
more individuals which fell into both of these size classes but seedlings were absent in both 
populations.  Based on the low numbers of saplings and seedlings observed at both sites there 
is evidence to  support the  hypothesis that populations of  P. elliptica within the  northern 
jarrah forest exhibit recruitment failure.  
 
There are differences in the size structure compositions of the two populations.  There are 
trees with a larger stem diameter, up to 50cm, at Sawyers Valley.  This suggests that there 
may be more favourable conditions at Sawyers Valley to allow trees to grow to larger size.  
This is further supported by the difference in rainfall between sites, with Sawyers Valley 
receiving 280mm per year more than Avon Valley (BOM, 2012).  There is also a difference 
in the modal DBH class between sites.  At Sawyers Valley individuals have a smaller DBH 
falling within the 10-25 cm diameter classes while at Avon Valley individuals fall largely 
within the 15-35 cm classes.  This suggests the population at Avon Valley consists of older 
individuals and that recruitment failure may have ceased there before it did at Sawyers Valley 
(assuming growth rates are the same). 
 
The precise cues  for the germination of  viable  P. elliptica seeds are unknown, however, 
passage  through  the  gut  of  a  vertebrate  has  been  suggested  as  a  possible  step  to  break 
dormancy  (Abbott  &  Van  Heurck,  1988).    Fire  is  a  cue  for  the  germination  of  other 
Persoonia species in Australia (Auld et al., 2007 and Norman & Koch, 2008) and the results 
presented suggest that fire also cues germination in P. elliptica based on the 24 seedlings 
which were observed within exclosures at Sawyers Valley, however further research will be 
required to confirm the role of fire in germination, as opposed to loss of annually recruited 
seedlings (i.e. in the absence of fire) to herbivores.   
 
The  observation  of  seedlings  at  the  Sawyers  Valley  site  also  indicates  that  the  issue  of 
recruitment failure within P. elliptica populations is not related to non-viable seeds or a lack 
of germination but rather to other factors influencing recruitment.  Abbott and Van Heurck 
(1988)  suggest  that  seedling  herbivory  may  be  resulting  in  recruitment  failure.    The 
emergence of seedlings within exclosures at Sawyers Valley also suggests that the role of a 
soil seed bank is limited for P. elliptica as recruitment could be associated with seeds less 
than one year old.  This would require further examination of the possibility of a seed bank 
and germination cues. 28 
 
Fruit production in P. elliptica is very low considering the number of flowers produced, with 
less than 0.09% of flowers developing into mature fruits.  This may not be surprising as 
members of the Proteaceae family are known to exhibit low fruit to flower ratios, generally 
falling between 0.001-0.163% (Hermanutz et al., 1998 and Collins & Rebelo, 1987).  The 
majority of fruit to flower ratio studies within the Proteaceae have considered Grevillea and 
Banksia species (Hermanutz et al., 1998) and there is little information on the limitations to 
fruit production in Persoonia species.  However, reasons behind low fruit to flower ratios 
within the Proteaceae include incompatibility, pollen limitation, lack of effective pollinators 
and genetic load to name a few (Hermanutz et al., 1998 and Sutherland, 1986).  It is possible 
that P. elliptica is self-incompatible, causing any self-pollinated flowers to be aborted before 
fruit development begins.  Abortion of self-pollinated flowers has been observed in P. mollis 
on the east coast of Australia (Krauss, 1994) and could account for the aborted P. elliptica 
fruit observed in the field.  The reasons for the abortion of fruits are many and varied based 
on the individual situation of the tree.  Fruit abortion is caused by factors which prevent the 
development of an ovule into a mature fruit (Trueman & Wallace, 1999).  Reasons for fruit 
abortion include a genetic control over incompatible pollen, predation on immature fruits or 
flowers, insufficient pollen load, low pollination success and resource competition between 
developing fruits (Trueman & Wallace, 1999 and Goldingay & Carthew, 1998).  A possible 
cause  for  the  abortion  of  fruit  within  P.  elliptica  is  limited  resources  based  on  differing 
environmental  conditions,  such  as  rainfall,  between  sites  causing  increased  interspecies 
competition.  Further study on the breeding system and pollination of P. elliptica is required 
to examine low levels of fruit production. 
 
Between sites there was a considerable difference in the fruit to flower ratios, with more fruit 
developing at Sawyers Valley.  An explanation for this may be the differences in resources, 
such as water, available at each site.  Resource limitation can be a cause of decreased fruit to 
flower ratios by limiting the available nutrients and water necessary for a greater production 
of high quality fruits (Hermanutz et al., 1998).  There is a significant difference in the level of 
annual rainfall between sites (see site description).  This is potentially a cause of resource 
limitation and therefore a lowered fruit development at Avon Valley.  
 
Seed production also varied with tree size between both sites with a negative relationship at 
Avon Valley and a positive relationship at Sawyers Valley.  It was expected that at both sites 29 
a positive relationship between tree size and fruit production would be observed (Primack, 
1987).    The  negative  relationship  at  Avon  Valley  coupled  with  significantly  lower  fruit 
production suggests that there are other issues impacting the population and its ability to 
produce seeds.  These could  include pollinator limitation, self-compatibility and resource 
competition occurring within this population.  Further study into the pollination of P. elliptica 
is required to properly understand what is impacting seed production at Avon Valley. 
 
3.4.2  SEED CHARACTERISTICS AND VIABILITY 
Seeds within the soil seed bank were slightly larger at Avon Valley than at Sawyers Valley.  
A possible explanation for this is that Avon Valley has more seed dispersal occurring as the 
population  of  possible  dispersers,  particularly  emus,  is  larger  and  hence  the  P.  elliptica 
population is more genetically diverse than at Sawyers Valley where emus are largely absent.  
Inbreeding depression which results in decreased fitness can cause seeds to be smaller and 
take longer to grow once germinated (Treyman & Richards, 2000).  This is a potential cause 
for smaller seed size at Sawyers Valley, however genetic studies and tests on seedling growth 
would need to be carried out to examine this. 
 
Seeds within the seed bank directly beneath the canopy at both the Avon Valley and Sawyers 
Valley sites were found not to be viable.  These seeds were presumed to be aged one year and 
older.  This indicates that there are factors affecting the survival of seeds after they have 
fallen from the canopy.  Especially considering that new season seeds had a high level of 
embryonic development at both sites.  Such factors influencing seed bank viability include a 
lack of germination cues, decay of seeds over a prolonged period within the soil seed bank, 
predation by soil dwelling fauna or the seed becomes buried too deep to germinate (Valleriani 
& Tielborger, 2006).  As no viable seeds were observed within the soil there is no evidence to 
support the  existence  of  a  seed  bank.    It  is  possible  that  P.  elliptica  does  not  exhibit  a 
persistent and dormant seed bank.  This idea is based on the lack of viable seeds aged one 
year  or  older  and  that  seeds  aged  one  year  or  less  were  germinated  in  the  field,  within 
exclosures at Sawyers Valley.  The sample sizes used within this study are small, so caution 
must be used in interpreting this result, however, the possibility of a transient seed bank is 
worth exploring to further understand the dynamics of P. elliptica populations and whether 
this trait, if present, could relate to recruitment failure. 
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Measurements of new season seeds were taken whilst flesh was still covering the seed.  This 
may have had an influence on the results by increasing the size of the seeds and these cannot 
be compared to differences between seeds within the seed bank.  In the future it may be more 
suitable to measure new season seeds with the flesh removed so that those results can be 
compared with seeds from the soil seed bank to observe any differences.  New season seeds 
compared between Avon Valley and Sawyers Valley showed that seeds at Sawyers Valley 
were larger in size.  This may be due to seeds being more ‘fleshy’ or due to the differences in 
rainfall experienced at each site.  New season seeds at Avon Valley were heavier in weight 
than  at  Sawyers  Valley  possibly  because  there  was  a  greater  level  of  development  and 
potential  viability  in  seeds  from  Avon  Valley.    This  could  also  indicate  further  that  the 
population at Avon Valley  is  more genetically  diverse  based on  new season seeds  being 
heavier and more viable (Treyman & Richards, 2000).  Cut tests on x-rayed seeds showed 
that seeds with full developed embryos are generally also viable.  This suggests that seeds 
aged less than one year old have a high level of viability compared to seeds which are aged 
one year or older.  This suggests that’s seeds must germinate within the first year or, that 
there are other pressures causing seeds to have a premature death.   
 
CONCLUSIONS 
Based on the results there are several conclusions that can be drawn relating to P. elliptica 
ecology and recruitment failure.  Firstly, the size structure of both populations indicates that 
recruitment failure has been occurring over the last 80 years, this supports the hypothesis of 
Abbott and Van Heurck (1988).  Secondly, there is a lack of a dormant seed bank but seeds 
aged less than one year have shown germination suggesting this species has a transient seed 
bank.  The implication is that if seeds do not germinate in the first year they die.  This is an 
area that requires further study to understand the role, if any, of the seed bank and whether a 
larger seed bank sampled will reveal lome level of viable dormant seed storage.  Lastly, fruit 
production is low but fresh seeds have a high level of viability.  The complication to this is 
that seeds appear to be lacking an effective dispersal vector and fall to the soil beneath the 
canopy but the lack of seedlings or saplings there suggests that herbivore activity may be 
causing the recruitment failure. 31 
CHAPTER 4 
SEED DISPERSAL OF PERSOONIA ELLIPTICA 
4.1 INTRODUCTION 
Dispersal refers to the movement of an individual from its source location to a new area 
where it can establish and reproduce (Nathan et al., 2008).  Dispersal in plants occurs by the 
transport of seeds through the use of a vector (Nathan et al., 2008).  Seed dispersal is vital in 
a healthy ecosystem and can influence the structure of plant populations spatial arrangement 
of  individuals across the  landscape,  maintaining genetic diversity, connectivity and range 
expansions (Bowman et al., 2002 and Trakhtenbrot et al., 2005).  The foraging behaviour and 
consumption of fruits and seeds by an array of fauna species means that they play a vital role 
as vectors for the dispersal of seeds in many species (Westcott et al., 2005).  The effective 
dispersal  of  seeds  where  fauna  are  vectors  relies  on  the  quantity  of  seeds  dispersed,  the 
quality of the dispersal site and the distance the seed is able to travel with the fauna species 
either in the gut or attached to the body (Wotton & Kelly, 2011).  Seed dispersal in plant 
populations is vital for the species persistence.  When seed dispersal is limiting, or ceases, 
due to disperser decline or loss, the plant population may persist for decades in an apparent 
healthy  state  before  deleterious  demographic  consequences  may  become  apparent 
(McConkey et al., 2011).   
 
Within the jarrah forest of Western Australia there are several key fauna species which act as 
seed dispersers.  Dromaius novaehollandiae (the emu) is a large frugivore that consumes a 
variety of plant material and has the ability to retain seeds in the gut for extended periods of 
time whilst moving over large distances making it a key disperser for jarrah forest species 
(Calviño-Cancela et al., 2006).  Dispersal  events over  long distances are  vital  in  species 
persistence for fragmented landscapes and under a changing climate (Nathan et al., 2008, 
Trakhtenbrot et al., 2005, McConkey et al., 2011 and Cain et al., 2000).  If these dispersal 
events are lacking the ability for the species to persist into the future when faced with global 
events, such  as climate change,  may  be compromised.  Ecologically, this could result  in 
species decline brought about by a lack of dispersal contributing to other population level 
issues such as recruitment failure. 
 
Mammal  species  present  within  the  jarrah  forest,  such  as  the  common  brushtail  possum 
(Trichosurus  vulpecular),  western  grey  kangaroo  (Macropus  fuliginosus),  western  brush 
wallaby (Macropus irma) and the bush rat (Rattus fuscipes), have all been known to consume 32 
fruits and act as seed dispersers for various jarrah forest flora species (Snow & Walter, 2007 
and Calviño-Cancela, 2011).  Little study has been undertaken regarding the dispersal of P. 
elliptica however, a number of species are thought to play a role in seed dispersal including 
D.novaehollandiae, M. irma, T. vulpecular and the frugivorous birds the currawong (Strepera 
versicolor) and raven (Corvus coronoides) (Abbott & Van Heurck, 1988).  These species are 
likely to be observed interacting with P. elliptica seeds both nocturnally and diurnally.  The 
focus here on the dispersal of P. elliptica seeds is to examine the possibility for transportation 
via exozoochory where seeds attach to the fur of animals, and endozoochory where fleshy 
fruits attract animals to consume and disperse their seeds (Higgins et al., 2003 and Cain et al., 
2000).    These  interactions  will  be  observed  by  cafeteria  experiments  where  seeds  are 
presented to fauna and any activity or removal of seed can be quantified (Culver & Beattie, 
1978).  To identify the species involved in the interactions visual identification from videos 
was made using motion sensor cameras. 
 
The aims investigated in this chapter were to: 
  Determine what fauna species are acting as dispersal vectors for P. elliptica and if this 
differs for canopy and freshly fallen fruits  
  Examine the distances that seeds are dispersed from the parent plant by each dispersal 
vector 
  Establish if dispersal distances differ between sites with a different composition of 
possible vectors, especially emus 
  Identify the attributes of seed dispersal microhabitats 
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4.2 MATERIALS AND METHODS 
4.2.1 DISPERSAL VECTORS 
Dispersal was examined using a Bushnell Trophy Cam Trail Camera which is triggered by 
movement and uses infrared  light wavelengths for recording at night (Bushnell Australia, 
2011).  Cameras were set and  focused on P. elliptica trees from February to June 2012.  
Separate cameras were focused on the canopy and on the ground beneath trees to determine if 
dispersal  vectors  differed  for  seeds  from  each  location.    For  ground  dispersal,  cafeteria 
experiments  were  set  up  using  freshly  collected  drupes  to  determine  what  species  were 
consuming and possibly dispersing seeds.  Drupes were placed on the ground in five piles of 
ten and a camera was focused on these piles to record any visitation.  Cameras were set to 
record a 30 second video when triggered, with a ten second interval before being able to be 
triggered again.  Dispersal work done by Snow & Walter (2007) on Macrozamia lucida used 
a similar method to capture fauna visitation and activity at female plants with cones.  For 
each drupe pile the number of drupes remaining and intact, stripped of flesh or missing were 
counted.  Camera footage was observed to link any activity to missing or stripped drupes. 
 
Fig  4.1  Infrared  motion  sensing  camera  set  up  to  capture  cafeteria  experiment 
visitation 34 
 
Fig 4.2 Cafeteria experiment set up with five piles of ten drupes  in the vicinity of 
branches used for the herbivory experiment (detailed Chapter 5). 
 
During the study period cameras were also set to observe the canopy of P. elliptica trees.  
Cameras were set up at a height of 1.5 metres on a nearby tree and focused to observe the 
canopy of P. elliptica.  Cameras were set to record a 30 second video when triggered.  The 
use of motion sensor cameras was not always effective in determining fauna visitation to the 
canopy as they were easily triggered by wind and this method was soon abandoned.  To 
overcome this, timed visual observations were carried out on three trees at both the Avon and 
Sawyers Valley sites.  Trees which had a large amount of fruit still retained in the canopy 
were chosen to observe fauna visitation.  Six observations each with a ten minute cool down 
period and 30 minute recording period were made on each tree over the course of 24 hours.  35 
These observations occurred at sunrise, mid-morning, midday, mid-afternoon, dusk and at 
night.  During the recording period any fauna activity within the tree canopy was recorded.  
This included taking note of the species, the type of activity and the length of time spent at 
the tree.  This method was adapted from the bird survey technique of point counts where an 
observer remains at a predefined point, allows time for birds to settle and all birds within the 
area are then recorded for a period of time (Gregory et al., 2004). 
 
4.2.2 DISPERSAL DISTANCE 
Dispersal  distance  was  studied  at  each  site  using  radio  transmitters  model  F1030  from 
Advanced Telemetry Systems.  These transmitters weigh 2.1 grams are cylindrical in shape 
with a length of 22 millimetres and width of 9 millimetres (ATS, 2009).  Transmitters were 
able to determine how far certain dispersal vectors were moving seeds based on the removal 
of the transmitter.  Transmitters were inserted into green grapes and placed within the canopy 
using thread and on the ground at P. elliptica trees within drupe piles during the cafeteria 
experiments.  Green grapes were used as they are similar in colour and size to P. elliptica 
drupes and because the transmitters were too large to fit within P. elliptica drupes.  Motion 
sensor cameras were focused on the transmitters to determine what species was responsible 
for its removal.  Transmitters were left for ten days before being removed and placed into a 
fresh grape to be set out again.  When transmitters were removed they were tracked using an 
aerial  and  receiver.      The  distance  from  the  source  location  to  the  found  location  was 
determined using a GPS or measuring tape for closely dispersed seeds.  It was also noted 
when seeds were not moved. 
 
Transmitters were rarely taken and as such only limited data was available.  It was noted that 
as transmitters were found under the skirt of a grass tree (X. preissii) it was possible that this 
was  a  favoured  dispersal  microhabitat  for  the  caching  of  seeds  by  small  mammals.    To 
examine this possibility five P. elliptica trees at Avon Valley were chosen at random and the 
five  closest  X.  preissii  with  skirts  reaching  ground  level  were  searched.    This  involved 
measuring the distance in metres from the P. elliptica trunk to the centre of each grass tree 
and carefully parting and lifting the skirt to examine the ground at the base of the grass tree 
for any drupes or seeds.  The number of each found beneath the skirt were recorded.  As the 
seeds would otherwise be unable to disperse under grass tree skirts without the aid of a faunal 
vector this was classified as a dispersal event.   
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4.3 RESULTS 
4.3.1 DISPERSAL VECTORS 
Motion sensing cameras recorded for 912 and 816 hours at Avon Valley and Sawyers Valley 
respectively for the cafeteria experiments (Table 4.1).  At both sites less than one hour of 
footage where  fauna  were  interacting  in  a way  that could effectively disperse  seeds was 
recorded. 
 
Table  4.1.  Hours  of  cafeteria  experiment  recorded  footage  from  motion  sensor 
cameras at both study sites 
  Total Hours Out  Total Hours Footage 
Avon Valley  912  0.45 
Sawyers Valley  816  0.9 
 
The cafeteria experiments at both sites show a difference in the composition of dispersal 
vectors for ground drupes (Fig 4.5).  The common seed dispersers  for both sites are the 
macropods M. fuliginosus and M. irma.  The mean number of events which occurred from the 
cafeteria  experiments  was  4.25.    Events  by  introduced  species  the  house  mouse  and  O. 
cuniculus (European rabbit) were only recorded at Avon Valley.  S. versicolour (currawong) 
was the only species observed consuming seeds at Sawyers Valley which was not observed at 
Avon Valley.  D. novaehollandiae was not observed consuming seeds at either site during the 
cafeteria experiments.  
 
 
 
 
 
 
 
 
 
 
 
  Fig 4.3 S. versicolour consuming P. elliptica seeds at Sawyers Valley 
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  Fig 4.4 Nocturnal activity by M. Irma consuming P. elliptica seeds at Avon Valley 
 
 
Fig 4.5. Cafeteria experiment dispersal events broken down by species consuming or 
moving P. elliptica drupes 
 
Fauna were recorded at cafeteria experiments during both day and night hours.  The species 
which were recorded differed in composition between those observed during the day and 
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during the evening (Fig 4.6).  S. versicolour was only observed during the day while both 
macropod species were observed interacting with seeds both during the day and at night.   
 
 
Fig 4.6 Species observed interacting with seeds in the cafeteria experiments separated 
by time of event 
 
During the cafeteria experiment drupes were also recorded when observed as  stripped of 
flesh, or missing and assumed dispersed (Table 4.2).  More drupes were observed as missing 
at Sawyers Valley than at Avon Valley, however, these values do not necessarily indicate that 
more  dispersal  is  occurring  at  one  site  than  the  other.    A  large  number  of  drupes  were 
observed with the flesh being stripped at both sites.  This was caused by both macropod 
species, M. Irma and M. fuliginosus.  P. elliptica seeds were also observed within the scats of 
both these species, suggesting seeds were occasionally swallowed and therefore dispersed.  
The data does suggest that at Avon Valley drupes are more likely to be stripped of flesh than 
dispersed while the opposite may be true at Sawyers Valley. 
 
Table  4.2  Drupes  observed  missing  or  stripped  from  the  cafeteria  experiment.  
Number in parentheses indicates standard error. 
  Average Days to 
First Event 
Average Drupes 
Missing 
Average Drupes 
Stripped 
Avon Valley  2.25 (±0.9)  11.25 (±7.1)  19.5 (±1.3) 
Sawyers Valley  3 (±2)  17.75 (±7.8)  13 (±7.5) 
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  Fig 4.7 Drupes from the cafeteria experiments which have been stripped of flesh 
 
Canopy observations from both sites found little in the way of seed dispersal vectors acting 
within the canopy of P. elliptica trees.  Of the six observation periods carried out at both sites 
on  three  trees  only  two  possible  dispersal  events  occurred.    Both  of  these  involved  a 
currawong at Sawyers Valley at dusk and mid-morning flying between P. elliptica trees and 
removing drupes from the canopy.  Opportunistic observations whilst in the field at Sawyers 
Valley  also  found  red-tailed  black-cockatoos  (Calyptorhynchus  banksii  naso)  within  the 
canopy and consuming seeds.  No possible canopy dispersal vector activity was observed at 
Avon Valley. 
 
4.3.2 DISPERSAL DISTANCE 
Only transmitters at Avon Valley were removed by a dispersal vector.  No transmitters placed 
at Sawyers Valley were taken.  A total of five out of twelve transmitters were taken at Avon 
Valley with an average dispersal distance of 3.5 m.  Each transmitter was taken by a mouse 
species, possibly native, and was found underneath the skirt of a grass tree (Xanthorrhoea 
sp.). 
 
  Table 4.3 Distance of transmitters removed at Avon and Sawyers Valley 
  Average Distance (m)  Species 
Avon Valley  3.5 (±0.4)  Mouse 
Sawyers Valley  0  Nil 
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Three out of five P. elliptica trees at Avon Valley had nearby grass trees with seeds observed 
under the skirt, but of the 25 grass tree skirts examined near P. elliptica trees only five had 
seeds.  The number of seeds observed under grass tree skirts decreased as the distance from 
the nearest P. elliptica tree increased (Fig 4.3).   For seeds to be found under the skirt of a 
grass tree there has been a dispersal event where a faunal vector collected and placed seeds 
there. 
 
 
Fig 4.8. The number of P. elliptica seeds observed under the skirts of nearby Grass 
Trees  
 
4.4 DISCUSSION 
4.4.1 DISPERSAL VECTORS 
Results suggest that there are several key faunal species which act as seed dispersal vectors of 
P. elliptica at Avon Valley and Sawyers Valley.  These species are M. Irma, M. fuliginosus 
and S. versicolour.  The macropod species have been previously observed to take fruit from 
beneath P. elliptica trees, and S. versicolour has been speculated to take fruit (Abbott & Van 
Heurck, 1988).  These results provide evidence for S. versicolour as a dispersal vector of P. 
elliptica.  Other species such as T. vulpecular, D. novahollindae and C. coronoides which 
were previously observed to take seeds were not observed to do so within this study.  A 
longer study period may have allowed more species to be observed taking fruit.  All species 
that were observed consuming or taking fruits took them from the ground except for the bird 
species, the S. versicolour and C. banksii naso, which took fruit from within the canopy.  
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This suggests that dispersal events are more likely to occur from fruits which have already 
ripened and fallen to the ground.   
 
The effectiveness of each of these species in dispersing P. elliptica fruit must be questioned 
in regards to a link between a lack of seed dispersal and recruitment failure.  P. elliptica seeds 
were observed in the field in macropod scats.  This is in line with other studies on macropods 
which  have  also  found  seeds  within  scats,  including  those  of  other  Persoonia  species 
(Clifford & Drake, 1985 and Calviño-Cancela et al., 2008).  However, macropods are known 
to chew their food finely and to spit seeds out when they are encountered (Clifford & Drake, 
1985) and this behaviour was observed here in regards to P. elliptica fruits, where the flesh 
had  been  stripped  and  the  seeds  left  behind,  or  where  broken  seeds  where  found  within 
macropod scats.  This suggests that M. fuliginosus and M. Irma only occasionally swallow 
(unintentionally) and pass P. elliptica seeds through the gut with the majority of the seeds 
being spat out once the flesh has been removed.  This could be a potential area for further 
research in the role of macropods as seed dispersers within the jarrah forest and the fate of 
seeds which are both passed through the gut and spat out.  Regardless, only a limited number 
of seeds will be effectively dispersed by macropods.  Possibly the most effective of the three 
main  dispersal  vectors  is  the  currawong, S.  versicolour,  which  swallowed  fruit  from  the 
ground and the canopy whole.  Frugivorous birds can be effective dispersal vectors given 
their ability to retain seeds and move over large distances before the seed is excreted (Wotton 
& Kelly, 2011).  C. banksii naso a federally listed vulnerable species (Environment Australia, 
2009), was observed within the canopy consuming  P. elliptica seeds.  This species feeds 
predominantly on Eucalyptus and Banksia species but  is known to occasionally consume 
Persoonia seeds (Cooper et al., 2002 and Johnstone & Kirkby, 2009).  C. banksii naso is not 
likely to be a key dispersal vector but rather a seed predator because of its feeding method 
which would destroy the seed.  Based on this information there appears to be several species 
which have the ability to act as dispersal vectors for  P. elliptica including macropods, S. 
versicolour, introduced M. musculus and O. cuniculus.  Yet, there were only a small number 
of  dispersal  events,  suggesting  that  seed  dispersal  may  be  a  limiting  factor  working  in 
association with other aspects of  P. elliptica ecology resulting  in recruitment  failure.   A 
longer study period may overcome the issue of the small number of dispersal events recorded 
here. 
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Emus are key species throughout Australia for their role in seed dispersal because of their 
ability to eat large numbers of seeds form a variety of plant species, retain seeds for extended 
periods  of  time  in  their  guts,  and  traverse  large  distances  before  excreting  those  seeds 
(Calviño-Cancela et al., 2006).  Emus are thought to be a key seed dispersal vector within the 
jarrah forest for larger seeded species such as P. elliptica (Abbott & Van Heurck, 1988).  The 
abundance of emus differs between the sites used for this study purposely to determine if a 
lack of emus limits seed dispersal and is responsible for recruitment failure.  Seed dispersal 
may  be  limited  within  P.  elliptica  populations,  and  emus  do  not  appear to  be  acting  as 
dispersal vectors as was hypothesised, even at Avon Valley where they are common.  There 
are several possible explanations for this.  The timing of P. elliptica fruiting may not make it 
a key food source because other more palatable species may also be fruiting at the same time.  
The availability of food from nearby farmland may also limit the need for emus to consume 
vast quantities of jarrah forest species as a food source.  Emus were often observed in large 
numbers (up to 40) in paddocks on the edges of the jarrah forest.  Wheat was also observed 
within their scats suggesting that emus were drawn to the paddocks as an easily attainable 
food source.  A lack of seed dispersal by emus – if this represents a change in behaviour with 
the advent of alternate food sources – could severely impact the ability for P. elliptica seeds 
to experience dispersal threatening gene flow, population structure, long-distance dispersal 
events and the overall survival of the species (Calviño-Cancela et al., 2006 and Trakhtenbrot 
et  al.,  2005).    However,  in  the  absence  of  direct  evidence,  it  cannot  be  stated  with  any 
certainty that the emu was ever a  major disperser of this species.  Nevertheless, overall, 
effective seed dispersal appears to be  limited and could  be responsible, along with other 
factors, for P. elliptica populations experiencing recruitment failure.   
 
4.4.2 DISPERSAL DISTANCE 
Direct observation to determine seed dispersal is often difficult and the use of radio telemetry 
provides a way to measure a dispersal event (Mack & Druliner, 2003).  Dispersal distance 
can be precisely measured by using a transmitter and recording the point distance from the 
point  where  the  transmitter  was  consumed  to  the  point  where  it  was  voided  (Mack  & 
Druliner, 2003).  In theory this  method has  many positives  for  measuring  seed dispersal 
distance  however,  many problems were encountered  in this study which resulted  in  little 
dispersal distance data being collected.  The main problem encountered regarded the size of 
the transmitters.  Transmitters were too large to fit within a P. elliptica drupe.  Given the 
short time period of this study time to source smaller transmitters was not available.  The 43 
issue  of  transmitter  size  was  overcome  by  using  grapes  but  this  was  then  not  a  true 
representation of P. elliptica drupe dispersal but was able to provide some data to gain a 
picture of the possibilities.  A second problem encountered involved the use of motion sensor 
cameras to observe what species were removing the transmitters from their original locations.  
The problem arose when the only species to remove transmitters was a mouse and due to its 
small size and picture quality it was difficult to accurately identify the species.  If this study 
were to be carried out again it might be worthwhile to use a trapping session at the same 
location in an attempt to properly identify the mouse species. 
 
Overall, the data suggest that there is limited dispersal occurring at both sites and no LDD 
due to the small number of events where transmitters were removed.  This could be a direct 
link highlighting that a lack of seed dispersal is related to recruitment failure which is the 
opposite to what is suggested by Abbott and Van Heurck (1988) who observed seeds to be 
readily removed.  There were no dispersal events which could be classified as a LDD event, 
suggesting that P. elliptica populations may be limited in their population spread, genetic 
diversity and the ability to persist in the face of changing conditions (Nathan et al., 2008).  
Based on the limited data collected and the problems encountered with using transmitters 
further  research  with  a  more  targeted  approach  to  examine  the  dispersal  distances  of  P. 
elliptica is warranted. 
 
All occurrences of transmitter removal saw the transmitters recovered from beneath the skirt 
of a nearby grass tree.  This suggested that a species of small mammal was removing seeds 
and caching them in a specific microhabitat.  At Avon Valley this was further examined by 
searching a number of grass trees in the vicinity of P. elliptica trees.  A dispersal microhabitat 
refers  to  the  site  of  seed  dispersal  and  the  varying  characteristics  which  can  determine 
whether the seed will be able to germinate (Gross-Camp & Kaplin, 2005).  The microhabitat 
site  at  Avon  Valley  was  located  underneath  the  skirt  of  grass  trees  which  would  be 
characterised as being cool and dark.  The germination of seeds at these microhabitats would 
be reduced because the conditions are not favourable i.e. limited light however, after a fire 
when the skirts have been removed seeds may have a greater chance of germination.  Further 
complicating the potential of these microsites as suitable habitat for germination is that seed 
viability and seed bank results suggest seeds germinate within the first year or die, so that the 
chances of a seed germinating and establishing within this microhabitat are limited.  This 44 
microhabitat  type  is  not  present  at  Sawyers  Valley  due  to  a  relatively  short  interval 
management fire regime which does not allow grass tree skirts to reach the ground. 
 
CONCLUSIONS 
Based  on  the  results  presented  here,  there  are  several  conclusions  which  can  be  drawn 
relating to the seed dispersal of P. elliptica and how this may link to recruitment failure.  
Firstly, there are faunal species present within the jarrah forest that have the capabilities to act 
as seed dispersal vectors for P. elliptica.  This was expected and is supported by previous 
studies (Abbott & Van Heurck, 1988).  Secondly, the effectiveness of some dispersal vectors, 
namely macropods and the red-tailed black cockatoo, may be limited because they also act as 
seed predators.  The implication of this is that effective seed dispersal events are limited and 
if dispersal is infrequent, recruitment failure could ensue.  Thirdly, dispersal events show 
seeds to remain close to the parent plant.  The complication with this is that if recruitment 
occurs there is little population spread, leading to genetic homogeneity which could affect the 
breeding system, causing recruitment  failure.  However, some dispersal of  viable  seed  is 
occurring in P. elliptica populations so that it is more likely to be other issues concerning P. 
elliptica ecology which are causing recruitment failure 45 
CHAPTER 5 
HERBIVORY AND RECRUITMENT FAILURE IN PERSOONIA ELLIPTICA 
5.1 INTRODUCTION 
Plant - animal interactions are complex and can have both positive and negative impacts at a 
community level.  Fauna play a key role in the dispersal of seeds but those fauna species 
which  also  act  as  herbivores  can  negatively  impact  on  plant  communities  through  the 
consumption of vegetative material.  Herbivores consume vegetative material as a source of 
food, and direct  mortality as a result of  herbivory  is  most common at the seedling stage 
(Tiver & Andrew, 1997).  Seedlings and saplings are particularly susceptible to herbivory 
because  of  their  high  palatability,  higher  levels  of  nitrogen  and  water  with  less  lignin  - 
making  them  ideal  food  sources  (Koch  et  al.,  2004  and  Parsons  et  al.,  2007),  and  the 
probability that most or all above ground biomass may be removed quickly by herbivores.  
The long term regeneration of a plant population can be heavily impacted by the removal of 
seedlings by herbivores (Tiver & Andrew, 1997).  Such impacts include the shaping of the 
plant community composition and of the individual species by influencing the population 
structure and overall long term persistence within an area (Tiver & Andrew, 1997, Koch et 
al., 2004 and Abbott & Van Heurck, 1988).   
 
Over the  last century the recruitment of  P. elliptica has ceased and there  is a  noticeable 
absence  of  seedlings  and  saplings  within  all  natural  populations  (Abbott  &  Van  Heurck, 
1988).  This issue of recruitment failure is thought to be caused by individuals dying before 
they reach maturity due to seedling herbivory (Abbott & Van Heurck, 1988).  The Western 
Grey Kangaroo (M. fuliginosus) is hypothesised to be the key herbivore impacting on this 
species.    The  high  palatability  of  seedlings  coupled  with  putative  macropod  population 
increases  over  the  last  century  are  key  reasons  why  P.  elliptica  has  been  targeted  and 
recruitment failure has  become  noticeable (Abbott & Van Heurck, 1988).  Macropods in 
Australia are the main large bodied herbivores with diets consisting primarily of vegetative 
material (Parsons et al., 2006).  The impacts of macropod herbivory is well documented in 
post fire environments and in shaping rehabilitation efforts (Koch et al., 2004, Parsons et al., 
2006 and Parsons et al., 2007).  Macropod populations have also increased across Australia 
over the last 200 years (Norbury, 1992).  This is mainly due to a decrease in predation and an 
increase in available food and water sources from farming and urban areas (Norbury, 1992).  
It is therefore likely that macropods might have some influence on shaping the recruitment of 
P. elliptica in the jarrah forests of Western Australia. 46 
The aims of this chapter are to: 
  Determine if kangaroos actively browse new season foliage of P. elliptica (this being 
a surrogate measure of likely seedling herbivory) 
  Determine the height to which herbivory occurs and at what height seedlings/saplings 
might escape from this zone of impact (this helping to identify levels/durations of 
protection needed to ensure recruitment if protection from herbivores was provided). 
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5.2 MATERIALS AND METHODS 
5.2.1 HERBIVORY 
Herbivory experiments were set up to observe the relationship between herbivores and  P. 
elliptica and to test the ideas presented by Abbott and Van Heurck (1988).  Herbivory was 
measured in field experiments run from April to August at both the Avon Valley and Sawyers 
Valley sites.  To ensure leaves were accessible to herbivores branches with new growth were 
cut from trees using secateurs and placed standing upright in the soil.  Five replicate branches 
were used at each site and the leaves and drupes (if present) were counted prior to placement.  
Branches  were  then  placed  in  the  soil  0.5  metres  apart.  A  Bushnell  Trophy  Cam  Trail 
Camera,  which  is  triggered  by  motion  and  uses  infrared  for  night  recording  (Bushnell 
Australia, 2011), was set up on a nearby tree, focusing on the branches to observe any animal 
activity. Cameras were set to record a thirty second video when triggered, with a ten second 
break before being able to be triggered again.  The experiments were run for up to seven days 
before branches were replaced with freshly cut ones.  Leaves on each branch were counted 
and differences (start to end) were recorded.  Remaining leaves which exhibited evidence of 
browsing were also recorded, as were missing drupes.  Any data stored on the camera was 
observed to match missing leaves to potential herbivores.  Information from the cameras on 
the fauna species, time of activity, type of activity and length of activity were recorded.  Any 
differences between the study sites, including number of visitations, fauna responsible and 
amount of herbivory were recorded for comparison. 
 
5.2.2 HERBIVORY ZONE 
As well as determining whether herbivores actively consume P. elliptica leaves it was also 
important to observe the herbivory zone to determine at what height seedlings and saplings 
are no longer under intense grazing pressure.  This involved setting up an experiment which 
tested  a  range  of  heights  and  where  herbivores,  primarily  macropods,  could  no  longer 
consume leaves.  To examine this, a 2.5 metre star picket was driven into the ground near an 
established tree at both the Avon and Sawyers Valley sites.  Small branches were then cut 
from a mature tree and attached to the star picket (using wire) at ground level, 0.5 metres, 1 
metre, 1.5 metres and 2 metres.  A motion sensor camera was then focused on the star picket 
and set to record thirty second videos with a ten second interval upon triggering.  These were 
left in place for ten days.   
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5.3 RESULTS 
5.3.1 HERBIVORY 
Motion  sensing  cameras  recorded  for  1056  and  984  hours  at  Avon  Valley  and  Sawyers 
Valley,  respectively,  for  the  herbivory  experiments  and  herbivory  height  experiments 
combined (Table 5.1).   
 
Table 5.1. Hours of cafeteria experiment recorded footage from motion sensor 
cameras at both study sites 
  Total Hours Out  Total Hours Footage 
Avon Valley  1056  3.2 
Sawyers Valley  984  2.2 
 
The  same  macropod  species  were  responsible  for  the  consumption  of  leaves  during  the 
herbivory trials at both Avon and Sawyers Valley (Fig 5.1).  More events occurred at Avon 
Valley and consisted of almost equal events by both M. fuliginosus and M. irma.  At Sawyers 
Valley there were fewer events, with events predominantly by M. fuliginosus. 
 
 
  Fig 5.1. Number of herbivory events on P. elliptica branches by macropod species 
 
During the herbivory trials, nearly all leaves were consumed by the macropods.  On average, 
all leaves were consumed at both Avon Valley and Sawyers Valley within 5 days from the 
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trial being set up (Table 5.2).  Based on the averages from the first herbivory event to all 
leaves  being consumed,  it took herbivores only  2 days to consume all  leaves on all  five 
replicates.  Both M. fuliginosus and M. irma were also observed pulling the branches out of 
the ground and holding them whilst consuming the leaves. 
 
  Table 5.2 Time taken for herbivores to source and consume P. elliptica branches 
  Average Days to First Event  Average Days to all Leaves Consumed 
Avon Valley  2.25 (± 0.4)  4.2 (±1.1) 
Sawyers Valley  1.25 (±0.5)  3.6 (±1.03) 
 
5.3.2 HERBIVORY ZONE 
From the herbivory height experiment, M. irma consumed foliage up to 0.5 metres from the 
ground, while M. fuliginosus consumed foliage up to 1 metre from the ground (Table 5.3).  
Both M. fuliginosus and M. irma were observed to pull and break branches off  from the 
highest height they could reach.  There were no statistical analyses performed on this data as 
there was only a single sample at each site, nevertheless, the results were similar. 
 
Table 5.3 Herbivory zone for the two main P. elliptica herbivores observed at Avon 
and Sawyers Valley 
Height (m)  Macropus irma  Macropus fuliginosus 
0  Y  Y 
0.5  Y  Y 
1  N  Y 
1.5  N  N 
 
5.4 DISCUSSION 
5.4.1 HERBIVORY 
The consumption of seedlings by herbivores is a major influence on the regeneration of plant 
populations (Parsons et al., 2006).  The data presented here support the contention of Abbott 
and Van Heurck that seedlings are palatable to macropods and that herbivory by these species 
is  a  relevant  factor  affecting  recruitment  (1988).    New  growth  is  palatable  (and  highly 
attractive) and is actively consumed by these species.  Herbivores took only a few days to 
consume all  leaves within the experiments.  This suggests that seedlings would have the 
potential to be consumed within a short period of time from germination, possibly in one 
herbivory event.  This pressure from herbivores could significantly impact on the ability of 
seedlings  to  avoid  being  consumed  as  a  food  source  and  their  eventual  loss  to  these 
herbivores would impact on the effective recruitment of P. elliptica. 50 
 
The greatest impact of herbivory on plant populations and communities occurs at the seedling 
stage  where  they  are  accessible  to  herbivores  and  have  a  high  palatability  (Rafferty  & 
Lamont, 2007).  Young plants and seedlings have a higher level of nitrogen and water with 
less  lignin and  lower defence  mechanisms (Koch  et al., 2004).  This  makes them  highly 
palatable  and  therefore  vulnerable  to  browsing  (Parsons  et  al.,  2006).    M. fuliginosus  in 
particular favour species which are low in fibre and tannins but high in nutrients (Rafferty & 
Lamont, 2007).  The results suggest that P. elliptica is a palatable species to macropods, 
however, no research has been conducted on the nutrient composition of seedlings and new 
growth.   This  presents  a  future  study  area  to  fully  understand  the  herbivory  relationship 
between  macropods  and  P.  elliptica  seedlings.    Macropod  browsing  pressures  can  have 
impacts on the ability of seedlings to reach maturity.  Within rehabilitation sites those areas 
which  are  fenced  to  exclude  herbivores  show  a  greater  growth  rate  and  survival  rate  of 
seedlings  compared  to  those  where  herbivores  have  full  access  (Parsons  et  al.,  2006).  
Grazing pressures after  fire can also  impact on vegetation composition to the extent that 
grazing can have more of an affect than the fire itself (Rafferty & Lamont, 2007).  Post fire 
grazing pressures could be potentially lethal to P. elliptica populations as it is suspected that 
seeds germinate after fire (Chapter 3 here, and Abbott & Van Heurck, 1988).  This could be a 
potential cause of recruitment failure, if fire does not occur seeds may not germinate, or if a 
burn does occur, seedlings are then consumed by herbivores.  
 
Macropods are the main large bodied herbivores in Australia (Parsons et al., 2006).  As such, 
fluctuations  in  macropod  population  sizes  can  significantly  impact  on  the  vegetation 
communities which comprise their  food sources.  Macropod populations across  Australia 
have increased over the last century (Norbury, 1992).  This is mostly due to greater water 
availability from artificial permanent watering points, and increases in food sources from 
farm land which allows macropod populations, especially kangaroos, to reach levels which 
were  previously  unattainable  (Norbury,  1992).    This  situation  can  become  especially 
prevalent in urban and agricultural areas where pasture or crops are adjacent to woodlands 
(Adderton-Herbert, 2004).  These areas provide plentiful food and water sources near suitable 
habitat with some protection from predators (Adderton-Herbert, 2004).  The location of both 
study sites is adjacent to farmland and large residential blocks.  These would provide a source 
of  water  and  potentially  food  which  would  allow  the  macropod  populations  within  the 
bushland to be larger than what may have occurred before European Settlement (Banks et al., 51 
2000).    Dingoes  would  previously  have  controlled  macropod  population  size,  however, 
dingoes are no  longer present within the region.  The  introduced European red  fox does 
provide some control over macropod population size by predating on juveniles (Banks et al., 
2000 and Arnold et al., 1991).  However, in areas where fox management is in place the 
survival of juveniles is greater and hence macropod population control is limited (Banks et 
al., 2000).  As fox management measures are in place within the regions of both study sites 
the  macropod  populations  are  not  heavily  influenced  by  fox  predation.    Based  on  the 
available food and water sources and the limited predation of macropods within the regions 
of  both  study  sites  it  is  possible  that  macropod  populations  have  increased  over  the  last 
century within these regions.  This would have an impact on the vegetation composition due 
to  increased  browsing  pressures.    As  P.  elliptica  is  a  palatable  species,  an  increase  in 
browsing  pressure,  especially  on  seedlings  and  saplings,  could  limit  the  number  of  new 
recruits  of  P.  elliptica  into  the  population  which  reach  maturity.    Therefore,  seedling 
herbivory is likely to be a key reason for recruitment failure within P. elliptica populations. 
 
5.4.2 HERBIVORY ZONE 
After determining that macropods were actively consuming new season growth, and therefore 
potentially responsible for a lack of seedling activity within P. elliptica populations, testing to 
see when seedlings and saplings would reach a height where they were no longer targeted as 
browse could help to further address the recruitment failure issue.  The data highlight that the 
two main species responsible for herbivory place browsing pressure on seedlings and saplings 
to  different  heights.    This  would  be  expected  based  on  the  differences  in  size  between 
kangaroos and wallabies.  Once saplings reach a height of 0.5 metres browsing pressure eases 
as M. irma are not observed browsing higher than this.  Browsing pressure is still exerted by 
M. fuliginosus to a height of 1 metre.  The growth rate of P. elliptica is believed to be slow, 
and trees with a DBH of 8, 10, 12 and 20cm can, be aged between 15-73 years old, fruiting 
has only  been observed  in trees with a DBH greater than 11cm (Abbott & Van Heurck, 
1988).  This life history indicates that any effects of herbivory would affect regeneration 
because immature trees are likely to be more susceptible to browsing for an extended period 
of time (Allcock & Hik, 2004).   
 
Herbivory during the seedling and sapling stage can prevent individuals reaching maturity 
which will influence the amount of recruitment and future reproduction within the population 
(Allcock & Hik, 2004).  Herbivory by large mammals on seedlings and saplings has been 52 
shown  in  a  variety  of  cases  to  impact  on  size  structure  within  populations.    Grazing  by 
livestock  including  cattle,  sheep  and  goats  has  an  impact  on  vegetation  by  limiting  the 
diversity and growth of species which establish within the grazed area (Tiver & Andrew, 
1997 and Pettitt & Froend, 2001).  When livestock is excluded, species previously suppressed 
by  grazing  pressures  return  (Tiver  &  Andrew,  1997  and  Pettitt  &  Froend,  2001).    For 
example, Moose in the northern hemisphere are renowned for shaping forest composition and 
limiting  sapling  growth  by  browsing  plants  up  to  shoulder  height  (Renaud  et  al.,  2003).  
Kangaroos have also been found to influence seedling growth and vegetation composition 
elsewhere (Allcock & Hik, 2004).  By comparing sites with and without kangaroo presence 
the growth rate of seedlings and species diversity was higher where herbivory was excluded 
(Allcock & Hik, 2004).  These examples highlight the severe impact that herbivores can have 
on individual species and on whole communities by shaping the vegetation composition and 
the ability for regeneration. 
 
CONCLUSIONS 
The previous study on P. elliptica shows that the species has a slow growth rate and reaches 
reproductive maturity above a DBH of 11cm (Abbott & Van Heurck, 1988).  These features 
of P. elliptica life history leave seedlings and saplings within a susceptible zone of browsing 
pressure for an extended period of time.  The data presented here indicates that macropods 
actively consume new season growth up to a height of 1 metre.  As seedlings have been 
observed in exclosures after fire (Chapter 3) it is likely that the lack of seedlings observed 
outside exclosures is due to macropod browsing and the intensity of this browsing up to 1 
metre prevents seedlings or saplings reaching reproductive maturity.  Based on the assumed 
increases  in  macropod  populations  over  the  last  century,  browsing  pressure  would  have 
increased around the time that recruitment is believed to have ceased, i.e. ca 1900.  This 
continued  browsing  pressure  has  resulted  in  the  recruitment  failure  within  P.  elliptica 
populations. If recruitment is to be restored to populations, this will require the use of large 
exclosures which are kept in place until seedlings/saplings exceed a height of at least 1 m.53 
CHAPTER 6 
CONCLUSIONS 
The results from this study provide pertinent preliminary information on the life history of P. 
elliptica  and  the  possible  causes  of  recruitment  failure.    Firstly  we  can  conclude  that 
populations in the jarrah forest are characterised by recruitment failure.  This conclusion is 
drawn from the size structures presented in Chapter 3 which show no seedlings and very few 
saplings (i.e. all individuals with a DBH of less than 10cm).  Similar results were observed by 
Abbott & Van Heurck (1988).  This confirms that recruitment has been lacking possibly over 
most  of  the  last  century  and  is  visually  noticeable  within  populations.  If  this  continues, 
populations of this species are likely to disappear over the next 100 years. 
 
The reasons for recruitment failure in P. elliptica are likely to be due to several interrelating 
factors linked with the life history traits found in this study, and hypothesised by Abbott and 
Van Heurck (1988).  The results indicate seed production in P. elliptica is low.  Although the 
quantity of fruit produced is low, the new season seeds have a high viability.  Seeds were also 
found to have a high viability by Abbott and Van Heurck (1988).  This may suggest fruit 
production is not a key driver for recruitment failure but rather other factors are influencing 
recruitment.  Seedlings were observed at Sawyers Valley exclosures which had experienced a 
winter burn.  Abbott and Van Heurck did undertake germination trials where seeds were 
ignited  in  leaf  litter  to  no  avail  (1988).    This  test  however,  may  not  have  been  a  true 
representation of the intensity or type of fire required  for germination, or if in fact fire is 
related to germination of P. elliptica.  No germination trials were conducted in this study; 
hence this remains an area for further investigation, focusing on fire as a germination cue.  
Interestingly no seeds from the soil seed bank (assumed one year or older) were viable.  This 
preliminary information suggests this species has a transient seed bank and that seeds must 
germinate in the first year, possibly after a burn.  This would require further research to 
confirm.  These results suggest that limited seed longevity could be a potential contributor to 
recruitment failure 
 
Also impacting on recruitment failure are the relationships between P. elliptica and fauna.  
The seed dispersal studies undertaken found that seed dispersal is limiting and that seeds are 
predated by some species.  A key finding relating to seed dispersal is the observation of the 
grey currawong as a dispersal vector.  This was previously unknown.  The emu, a believed 
dispersal vector, played no role in dispersal of seeds during this study.  Further research into 54 
the role of emu’s in the dispersal of P. elliptica is required.  Perhaps the most solid finding 
relating  to  recruitment  failure  is  the  browsing  of  new  growth  by  macropods.    This  was 
previously suggested by Abbott and Van Heurck as a key factor in recruitment failure (1988) 
and these results support their suggestion. 
 
These conclusions are summarised in figure 6.1 which highlights the potential pathways a P. 
elliptica seed can travel possible leading to recruitment failure.  A viable seed can travel 
down the  first path and  form part of the  soil  seed  bank where, without fire,  it does  not 
germinate and is not viable in the long term.  A viable seed can travel down the second path, 
with  or  without  dispersal,  and  germinate  with  a  fire  cue  or  without  fire  lose  long  term 
viability.  A viable seed can also follow the third path where it is predated on and no longer 
viable.  The key point in this diagram is that even under the right conditions for germination 
and recruitment the pressure from macropod browsing would cause seedling death and hence 
a  lack  of  recruitment.    This  highlights  the  interplaying  issues  potentially  related  to 
recruitment failure within this species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6.1 Flowchart highlighting the potential pathways of a viable seed and how the 
relationship with recruitment failure 
 
The life history traits of P. elliptica including germination cues, the potential transient seed 
bank and low fruit production coupled with macropod herbivory of seedlings and new growth 55 
are likely to be key factors relating to recruitment failure within this species.  In terms of 
managing P. elliptica populations for long term survival and promoting recruitment, further 
research to understand growth rates and reproductive strategy is required to establish sound 
management procedures. 
 56 
REFERENCES 
 
Abbott I & Van Heurck P. 1988. “Widespread regeneration failure of Persoonia elliptica in 
the northern Jarrah forest of Western Australia”. Journal of the Royal Society of Western 
Australia 71(1): 15-22 
 
Adderton-Herbert C. 2004. “Long-acting contraceptives: a new tool to manage overabundant 
kangaroo populations in nature reserves and urban areas”. Australian Mammalogy 26(1): 67–
74. doi: 10.1071/AM04067 
 
Allcock K & Hik D. 2004. “Survival, growth, and escape from herbivory are determined by 
habitat and herbivore species for three Australian woodland plants”. Oecologia 138(2): 231-
241. doi: 10.1007/s0 0442-003-1420-3 
 
Archer S & Pyke D. 1991. “Plant-Animal Interactions Affecting Plant Establishment and 
Persistence on Revegetated Rangeland”. Journal of Range Management 44(6): 558-565. 
JSTOR 
 
Arnold G, Grassia A, Steven D & Weeldenburg J. 1991. “Population ecology of Western 
Grey Kangaroo in a remnant wandoo woodland at Bakers Hill, southern Western Australia”. 
Wildlife Research 18(5): 561-575. doi: 10.1071/WR9910561 
 
ATS. Advanced Telemetry Systems. 2009. “Fish body implant: series F1000”. Available at 
http://www.atstrack.com/seriesPDF/F1000.PDF  
 
Auld T & Denham A. 2006. “How much seed remains in the soil after a fire?”. Plant Ecology 
187:15-24. doi: 10.1007/s11258-006-9129-0 
 
Auld T, Denham A & Turner K. 2007. “Dispersal and recruitment dynamics in the fleshy-
fruited Persoonia lanceolata (Proteaceae)”. Journal of Vegetation Science 18(6): 903-910. 
doi: 10.1111/j.1654-1103.2007.tb02606.x 
 
Australian Government. Environment Australia. 2009. “EPBC Act list of threatened fauna”. 
Available at 
http://www.environment.gov.au/cgibin/sprat/public/publicthreatenedlist.pl?wanted=fauna 
 
Banks P, Newsome A & Dickman C. 2000. “Predation by red foxes limits recruitment in 
populations of Eastern Grey Kangaroo”. Austral Ecology 25(3): 283-291. doi: 
10.1046/j.1442-9993.2000.01039.x 
 
Bascompte J & Jordano P. 2007. “Animal mutualistic networks: the architecture of 
biodiversity”. Annual review of Ecology, Evolution and Systematics 38: 567-593. doi: 
10.1146/annurev.ecolsys.38.091206.095818 
 
Bauer L. M., Johnston M. E. & Williams R. R. 2001. “Rate and timing of vegetative growth, 
flowering and fruit development of Persoonia virgate (Proteaceae)”. Australian Journal of 
Botany 49: 245-251 
 57 
BOM. Bureau of Meteorology. 2012a. “Daily Rainfall: Lower Chittering”.  Available at 
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=136&p_display_type=
dailyDataFile&p_startYear=2012&p_c=-16326424&p_stn_num=009009  
 
BOM. Bureau of Meteorology. 2012b. “Daily Rainfall: Mundaring Weir”. Available at 
http://www.bom.gov.au/jsp/ncc/cdio/weatherData/av?p_nccObsCode=136&p_display_type=
dailyDataFile&p_startYear=2012&p_c=-16405800&p_stn_num=009031  
 
Bowman J, Jaeger A & Fahrig C. 2002. “Dispersal distance of mammals is proportional to 
home range size”. Ecology 83(7): 2049-2055. doi: 10.2307/3071786 
 
Bushnell Australia. 2011. “Trophy Cam Trail Camera Colour Viewer LCD Display 8MP 
Brown Case”. Available at 
http://www.bushnellaustralia.com.au/productpages/trailcameras/trophycam_11945 6C.html  
 
Calvino-Cancela M, Dunn R, Van Etten E & Lamont B. 2006. “Emus as non-standard seed 
dispersers and their potential for long distance dispersal”. Ecography 29(4): 632-640. doi: 
10.1111/j.0906-7590.2006.04677.x 
 
Calviño-Cancela M. 2011. “Seed dispersal of alien and native plants by vertebrate 
herbivores”. Biological Invasions 13(4): 895-904. doi: 10.1007/s10530-010-9877-6 
 
Calviño-Cancela M, He T & Lamont B. 2008. “Distribution of myrmecochorous species over 
the landscape and their potential long-distance dispersal by emus and kangaroos”. Diversity 
and Distributions 14(1):11-17 doi: 10.1111/j.1472-4642.2007.00402.x 
 
Churchward H & Dimmock G. 1989. “The soils and landforms of the northern jarrah forest” 
in The Jarrah Forest: a complex Mediterranean ecosystem edited by Dell B, Havel J & 
Malajczuk N. Kluwer, 13-21. Academic Publishers: Netherlands 
 
Clifford H & Drake W. 1985. “Seed dispersal by kangaroos and their relatives”. Journal of 
Tropical Ecology 1: 373-374 JSTOR 
 
Collins B & Rebelo T. 1987. “Pollination biology of the Proteaceae in Australia and southern 
Africa”. Australian Journal of Ecology.12: 387–421. doi: 10.1111/j.1442-
9993.1987.tb00958.x 
 
Cooper C, Withers P, Mawson P, Bradshaw S, Prince J & Robertson H. 2002. “Metabolic 
ecology of cockatoos in the south-west of Western Australia”. Australian Journal of Zoology 
50: 67-76. doi: 10.1071/ZO00067 
 
Culver D & Beattie A. 1978. “Myrmecochory in Viola: Dynamics of Seed-Ant Interactions in 
Some West Virginia Species”. British Ecological Society 66(1): 53-72. JSTOR 
 
Western Australia. Department of Environment and Conservation. 2011. “Avon Valley Fuel 
Age Plan”. DEC: Kensington, WA 
 
Western Australia. Department of Environment and Conservation. 2011. “Sawyers Valley 
Fuel Age Plan”. DEC: Kensington, WA 
 58 
Western Australia. Department of Environment and Conservation. 2010. “Avon Valley 
National Park: Park Guide”. available at 
www.dec.wa.gov.au/component/option,com_docman/Itemid.../gid,798/ 
 
Dell & Havel. 1989. “The jarrah forest, an introduction” in The Jarrah Forest: a complex 
Mediterranean ecosystem edited by. Dell B, Havel J & Malajczuk N. Kluwer, 1-12. 
Academic Publishers: Netherlands 
 
Florabase. 1995. “Persoonia elliptica: Brief Description”. Available at 
http://florabase.dec.wa.gov.au/browse/profile/2262  
 
Gentilli J. 1989. “Climate of the jarrah forest” in The Jarrah Forest: a complex 
Mediterranean ecosystem edited by. Dell B, Havel J & Malajczuk N. Kluwer, 23-40 
Academic Publishers: Netherlands 
 
Goldingay R & Carthew S. 1998. “Breeding and Mating systems of Australian Proteaceae”. 
Australian Journal of Botany 46: 431-437. doi: 10.1071/BT97037 
 
Gregory R, Gibbons, D and Donald P. 2004. “Bird Census and Survey Techniques” in Bird 
Ecologyand Conservation: a handbook of techniques edited by Sutherland W.J, Newton I and 
Green R.E. Oxford University Press, Oxford, United Kingdom pp 17-55. Reprinted in 
BIO317 Wildlife Biology Reader 2011. Murdoch, WA: Murdoch University 
 
Gross-Camp N & Kaplin B. 2005. “Chimpanzee (Pan troglodytes) seed dispersal in an 
Afromontane forest: Microhabitat influences on the post dispersal fate of large seeds”. 
Biotropica 37(4): 641-649. doi: 10.1111/j.1744-7429.2005.00081.x 
 
Hermanutz L, Innes D, Denham A & Whelan R. 1998. “Very low fruit:flower ratios in 
Grevillea (Proteaceae) are independent of breeding system”. Australian Journal of Botany 46: 
465-478. doi: 10.1071/BT97046 
 
Hulme P. 1998. “Post-dispersal seed predation: consequences for plant demography and 
evolution”. Perspecitves in Plant Ecology, Evolution & Systematics 1:1 32-46. doi:  
 
Johnstone R & Kirkby T. 2009. “Birds of the Wungong Dam catchment, Bedfordale, Western 
Australia”. The Western Australian Naturaliste 26(4), 219-274 
 
Koch J, Richardson J & Lamont B. 2004. “Grazing by kangaroos limits the establishment of 
the grass trees Xanthorrhoeae gracilis and Xanthorrhoeae preissii in restored bauxite mines 
in eucalypt forest in South Western Australia”. Restoration Ecology 12(2): 297-305. doi: 
10.1111/j.1061-2971.2004.00335.x 
 
Krauss S. 1994. “Preferential outcrossing in the complex species Persoonia molliss 
(Proteaceae)”. Oecologia 97(2):256-264. JSTOR 
 
Mack A & Druliner G. 2003. “A non-intrusive method for measuring movements and seed 
dispersal in Cassowaries”. Journal of Field Ornithology 74(2): 193-196. JSTOR. 
 59 
McCaw W, Robinson R & Williams M. 2011. “Integrated biodiversity monitoring for the 
Jarrah (Eucalyptus marginata) forest in South West Western Australia”: The ForestCheck 
Project. Australian Foresty 74:4 240-253. informit 
 
McConkey K, Prasad S, Corlett R, Campos-Arceiz A, Brodie J, Rogers H & Santamaria L. 
2011. “Seed dispersal in changing landscapes”. Biological Conservation 146(1): 1-13. doi: 
10.1016/j.biocon.2011.09.018 
 
Merritt D & Rokich D. 2006. “Seed Biology and Ecology” in Australian seeds: a guide to 
their collection, identification and biology by Sweedman L & Merritt D (eds), 19-25. 
Collingwood, Victoria: CSIRO Publishing 
 
Merritt D. 2006. “Seed Storage and Testing” in Australian seeds: a guide to their collection, 
identification and biology by Sweedman L & Merritt D (eds), 53-60. Collingwood, Victoria: 
CSIRO Publishing 
 
Molloy S. 2007. Perth Region Biodiversity Project Jarrah Forest Reference Sites of the Perth 
Metropolitan Area: The Northern Transect – Workshop Notes. Perth Biodiversity Project. 
Available at 
http://pbp.walga.asn.au/ProjectPrograms/PerthRegionPlantBiodiversityProject/JarrahForestR
eferenceSites/NorthernMetropolitanJarrahForestReferenceSites.aspx 
 
Munzbergoba Z & Herben T. 2005. “Seed, dispersal, microsite, habitat and recruitment 
limitation: identification of term and concepts in studies of limitation”. Oecologia 145(1): 1-
8. JSTOR. 
 
Nathan R & Muller-Landau H. 2000. “Spatial patterns of seed dispersal, their determinants 
and consequences for recruitment”. Trends in Ecology and Evolution 15:7, 278-285. doi:  
 
Nathan R, Schuir F, Spiegel O, Steintz O, Trakhtenbrot A & Tsoar A. 2008. “Mechanisms of 
long distance seed dispersal”. Trends in Ecology and Evolution 23(11): 638-647. doi: 
10.1016/j.tree.2008.08.003 
 
Nevill S. 2006. “Avon Valley” in Travellers Guide to the Parks and Reserves of Western 
Australia, 40. Simon Nevill Publications, Fremantle WA. 
 
Norbury G. 1992. “An electrified watering trough that selectively excludes kangaroos”. The 
Rangeland Journal 14(1): 3-8. doi: 10.1071/RJ9920003 
 
Norman H & Koch J. 2008. “The effect of insitu seed burial on dormancy break in three 
woody-fruited species endemic to Western Australia (Ericaceae and Proteaceae)”. Australian 
Journal of Botany 56: 493-500. doi: 10.1071/bto7175 
 
Pacini E, Viegi L &Franchi G. 2008. “Types, evolution and significance of plant-animal 
interactions”. Rendiconti Lincei 19: 75-101. doi: 10.1007/s12210-008-0005-9 
 
Parsons M, Koch J, Lamont B, Vlahos S & Fairbanks M. 2006. “Planting density effects and 
selective herbivory by kangaroos on species used in restoring forest communities”. Forest 
Ecology and Management 299: 39-49. doi: 10.1016/j.foreco.2006.03.020 60 
Parsons M, Rafferty C, Lamont B, Dods K & Fairbanks M. 2007. “Relative effects of 
mammal herbivory and plant spacing on seedling recruitment following fire and mining”. 
BMC Ecology 7(13): 1-12. doi: 10.1186/1472-6785-7-13 
 
Pettitt N & Froend R. 2001.“Long-term changes in the vegetation after the cessation of 
livestock grazing in Eucalyptus marginata (jarrah) woodland remnants”. Austral Ecology 
26(1): 22-31. doi: 10.1111/j.1442-9993.2001.01069.pp.x 
 
Preston A, Parker G, Romero-Severson J & Michler C. 2005. “Confirmation of Oak 
Recruitment Failure in Indiana Old-Growth Forest: 75 Years of Data”. Forest Science 51(5): 
406-416. ProQuest 
 
Rafferty C & Lamont B. 2007. “Selective herbivory of mammals on 19 species planted at two 
densities”. Oecologia 32: 1-13. doi: 10.1016/j.actao.2006.03.007 
 
Rahgu S, Wilson J & Dhileepan K. 2006. “Refining the process of agent selection through 
understanding plant demography and plant response to herbivory”. Australian Journal of 
Entomology 45, 308-316. doi: 10.1111/j.1440-6055.2006.00556.x 
 
Raven P, Evert R & Eichhorn S. 2005. “Evolution of the Angiosperms” in Biology of Plants 
7
th edition, 460. W H Freeman and Company, New York, USA 
 
Renaud P, Verheyden-Tixier H & Dumont B. 2003. “Damage to saplings by red deer 
(Cervuselaphus): effect of foliage height and structure”. Forest Ecology and Management 
181(1-2): 31-37. doi: 10.1016/S0378-1127(03)00126-9 
 
Rey P & Alcantara J. 2000.“Recruitment dynamics of a fleshy-fruited plant (Oleaeuropaea): 
connecting patterns of seed dispersal to seedling establishment”. Journal of Ecology 88, 622-
633. JSTOR 
 
Snow E & Walter G. 2007. “Large seeds, extinct vectors and contemporary ecology: testing 
dispersal in a locally distributed cycad, Macrozamia lucida (Cycadales)”. Australian Journal 
of Botany 55(6): 592-600. doi: 10.1071/BT07009 
 
Tiver F & Andrew M. 1997. “Relative effects if herbivory by sheep, rabbits, goats and 
kangaroos on recruitment and regeneration of shrubs and trees in eastern South Australia”. 
Journal of Applied Ecology 34(4): 903-914. JSTOR 
 
Trakhtenbrot A et al. 2005. “The importance of long distance dispersal in biodiversity 
conservation”. Diversity and Distributions 11: 173-181.doi: 10.1111/j.1366-
9516.2005.00156.x 
 
Tremayne M & Richards A. 2000. “Seed weight and seed number affect subsequent fitness in 
outcrossing and selfing Primula species”. New Phytologist. 148: 127–142. doi: 
10.1046/j.1469-8137.2000.00738.x 
 
Trueman S & Wallace H. 1999. “Pollination and resource constraints on fruit set and fruit 
size of Persoonia rigida (Proteaceae)”. Annals of Botany 83: 145-155. doi: 
10.1006/anbo.1998.0799 
 61 
Vallerriani A &Tielborger K. 2006. “Effect of age on germination of dormant seeds”. 
Theoretical Population Biology 70(1): 1-9. doi: 10.1016/j.tpb.2006.02.003 
 
Westcott D, Bentrupperbaumer J, Bradford M & McKeown A. 2005. “Incorporating patterns 
of disperser behaviour into models of seed dispersal and its effects on estimated dispersal 
curves”. Oecologia 146(1): 57-67. JSTOR. 
 
Williams K & Mitchell D. 2001. “Jarrah Forest 1 (JF1 – Northern Jarrah Forest 
Subregion)”.Department of Environment and Conservation. Available at  
www.dec.wa.gov.au/pdf/science/bio_audit/jarrah_forest01_p369-381.pdf  
 
Wotton D & Kelly D. 2011. “Frugivore loss limits recruitment of large seeded trees”. 
Proceedings of the Royal Society Biology 278: 3345-3354. doi:10.1098/rspb.2011.0185 
 